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| _ riſing Generation, or others of the Trade, the 
=_ Beit Principles of Science for a working Mechanic. 
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1 0 THE 
RIGHT HONOURABLE 
LORD, STANLEY. 


T is not from any perſonal acquaintance 
J have with your Lordſhip, but from that 
which 1 have had the honour to have:with 
our irreparable loſs, your late noble Father, 
that induces me to trouble your. Lordſhip 


with this Epiſtle. 


In him we ſaw at once a conſiſtent ſtateſ- 
man, à guardian of the people, and a pru- 
dent oeconomiſt. | 

Ix the firſt, he was neither a fycophant 
courtier, nor yet a bawling and inflaming 
patriot ; but an oppoſer of both, when they 
became enemies to the ſtate; which natu- 
rally produced the ſecond, that he ſtood up 


for the rights of the rie. 5 


To whom he gave an example, which 
was worthy of imitation, both by his ſupe- 


riors (if he had any), and inferiors, down 
to the loweſt cottager. For though he was 


bleſſed with all the things this world can 
give, he uſed them as if he had bad them 


not. His honour and titles were of no more 


value to him, than what was becoming the 
dignity due to his exalted ſtation. At his 


deceaſe, it could not be faid, that he had 


anmſſed one heap of treaſure; nor 
A 2 that 


ir DEDICATION. 


that he had ſpent one, or any part of an ef 
tate, in Iuæuty, or at the gaming- table. 
A MAN of this prudent conduct, my Lord, 
could not but have an eye towards the hap- 
pineſs of his fellow ſubjects; which was 
evident in him, for the care he took of the 
trade of the nation in general, and of that of 
his own county in particular: the Cotton 


Manufactory is a living evidence of it; and 


it was , from, him alone that I firſt heard of 
the decline of our branch of buſineſs, and of 
the great need of redreſs. 

Bor aldſs ! my Lord, the time is paſt, 
unleſs we have a ſucceſſion of the ſame — 


actions in your Lordſhip, which we wil! bope 


for in full perfection. 
| SETTING aſide, my. Lord, the reſpect I 
have for your hohourable Houſe, this Dedi- 
cation is your right; both from your large 
ſhare in the county, in which your family is 
ſeated, and froth the feat being in the centre 
of the whole fupport of this great branch of 
trade, which i is the ſubject of the ee 
A 
Ir has been comp ted. that above. twenty 
thouſad people, have, at one time, been em- 
ployed in this branch of trade, which is ſo 
reduced, that not above one- fourth can have 
bonourable' employ now. I ſay honourable, 
| becauſe a great part of it is got into the hands 
of Pagan and Chriſtian Jews, who carry on 


the buligels to ſuit their brethren; and have 


ſold the faith of the NN abroad, and of 
the 


DEDICATION. vy 
the Public at home ; and in conſequence muſt 
injure real ingenious men, who have a ſpirit 
above;their,employ ; and in the end entirely 
ſtop our foreign trade, which is much in- 
jured already, to the great loſs of, this great 
trading empire. |, % ð ng 

. Tais,is a matter, my Lord, worthy the 
obſervation. of any legiſlator, and for which I 
ſhould;be glad to ſee your Lordſhip receive 
the grateful thanks of diſtreſſed body of 


T 4 
£ 
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men. As this Work is deſigned for the 
workman, it can't be.imagined to be of any 
uſe to your Lordſhip, | fave the peruſal of the 
ſcientifical part, Which ma be read in a few 
hours, that are ae all other parts 
of buſineſs, and are of the leaſt worth. 
Bur, my Lord, if Arts were more encou- 
raged by the great, it would be of the great- 
eſt advantage to the ſtate; ſince it is in 
their power only, to have time and money to 
examine into the ſecret receſſes of Nature by 
experiments. If the former be thought 
better ſpent in higher ſtations of life, I am 
ſure the latter cannot; ſince it is but for that 
uſe alone; and as ſuch our preſent Sovereign 
upon the throne ſeems to look upon it, as he 
ſo liberally, gives it away, for the encou- 
ragement of Arts and Science; an orna- 
ment worthy of imitation, and which will 
ſhine with a luſtre ſuperior to Majeſty itſelf, 
in its greateſt ſplendor in futurity, and will 
cover Yis faults (if he has any) from the 
low and ignorant, whoſe ideas ſeldom reach 
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farther than their chance choice, of what 
N. be right or wrong. | 
HoPE your Lordſhip will pardon me for 
this freedom, and believe, that I have uſed it 
with no other view, than that, if the care of 
trade and commerce ſhould- be your future 
choice, you might know that this branch is 
one that ſtands in need of redreſs ; and in-the 
mean time I remain, with this Plain and 
homel concluſion, 2 


Your LoxDsmniP's 4; 
| Obedient Servant, 
Friend and 
T Well-wiſher, &c. &c. &c, 
tet HETDON. 
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O every work laid before the public, it 
. is neceſſafy to put ſomething by way 
of Preface, to inform them of the Author's 
' reaſons for publiſhing, and how he has done 
it to the beſt of his abilities to accompliſh 
his deſign. Therefore, every bufineſs that a 
= man, follow s, is either an art of ſcience, or 
XX depenggnt upon both; if it be purely an art, 
W | and. perhaps of one man's, or any body of 
men's invention, then it is not a matter of 
publication, but upon particular exceptions. 
WMhen a buſineſs becomes an art and ſcience, 
of all ſcience, then, as far as'it is a ſcience, 
It becomes a ſubject of publication; becauſe 

as the ſcience of it lies open to every profeſ- 
ſor, it may well be ſuppoſed to he known by 
them, as well as the Kinhor ; therefore he 
can't infringe much upon them "by publiſh- 

ing his opinions to thè world. "fat the bu- 
ſineſs of clock and watch- work, is a bufineſs 
of ſcience, is evidept to any man of reaſon, 
for it is no leſs than an 1 to meaſure 
time ; and, in conſequence; it concomitant 
attendant ſpace ; but before we can reaſon 
with preciſion upon theſe two properties of 
' Niture, we muſt expreſs our ideas in num- 
bers, which naturally lays upon us the ne- 
tf; 91 2. N 7 Eo A 4 '9 | 40 4 cefſity 
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_ ceſſity of the knowledge ot aichmetion in all 
its parts. a) 

Again, ſpace being the field of geometry, 
before ve can meaſure particular parts of it, 
we are obliged to have eee of that 
ſcience, only to meaſure particular parts 
of — ale the bodies 2054 ZI 
parts, a8, far as they. come ſubſervient to our 
. uſe, 14055 as plain figures and ae TR 
in th em.“ % 21003 

Alſo the moving of, theſe * 2 from: one 
place to another, cauſeth another field of 


nowledge,. and which naturally brings us to 


zechanics, from Whence all the 
branches, ſpring; and in 


the laws, 5 

Anic 

. conſeqpgny 
follow Jeet. . 2 1 . 

Thete fore it ſhould d ſeem proper Far = 


firſt privcples of this | ines to be treated 


upon in mat! hematical treatiſes only, which, 
indeed, is the thing t hat has been done; but 
though it bas, Wen 9 an intent of re- 
ducing the theory. 77 5 ice, a uety few ex- 
cept or Jeaſt, tha 

guage. | 55 | 

r. Huygen NS, who has rote a. treatiſe. upon 
5 prin! les of clock-work,' but this is 
wrote in Atin. Pr. Hook: has alſo ſhewn 


us gy ſorts of improvements upon time- 


keep ers, An r. Durham has wrote us 2: 
F tract & upon the ſubje& which, may. be 
called, 4 ie firſt attempt for a practical wor- 


man. And Iaſtly, Mr Martin has given us 


a col- 
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plainer piece more ſuitable to the pra 


of the trade was wanted. 


Mr. Cumming may be Finced cotempo- 


rary, or rather à follower of Mr. Martin; 
but his piece in general contains little elſe 
beſides his general obſervation and opinions; 
and though they may be uſeful in their way, 


yet are not fit for a treatiſe" of firſt Faun 


ples for the uſe of a learnee : 


What was wanting in the p ieces before me, 


TT chiak f have ſupplied here; Which may 


1 very properly be called an Introduction to 


the Mechanical Part of Clock and Watch- 


Work, &c. in which my de ſign was to fa- 


I miliarize, if poſſible, tie practice to the 


theory; and that in as eaſy 4 method as ap- 


ſhort and eaſy Treatiſe f Arithmetie and 


peared to me; which was to introduce a 


Geometry, as far as they come in uſe to the 


working mechanic, and ho farther; and alſo 


1 to diveſt them of that ſtrĩet mathematical de- 


monſtration; and introduce in its place com- 


3 mon obſervation and reaſon. 17 hele wilt by- 
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a collection of all that was material in all 
thoſe authors who have wrote before him: 
but he has chiefly confined himſelf to the 
theory, and that ſtrictly mathematically ; 
vvithout condeſcending to apply the ſame to 
mean capacities: this is indeed a province 
rather below his ſphere. F all, or moſt of 
our branch were > one mathematicians,” Mr. 
Martin's Treatiſe would be fuited to their 
abilities; but as this is not the caſe, ſomie 
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no means injure the truth of any propoſition, 
and at the ſame time won't be ſo apt to 
frighten the learner from proceeding, 
And to make the matter ftillieafier, in the 
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«courſe of the Work, I have applied each rule 
or propoſition to their reſpective uſes imme- 
\diately ; that the learner may have the fruit 
uf each part of his labour, before he is tired 1 


dut. Alſo at the end of each part of the 
Work, the uſe of every rule and propofition i 
are applied all together, as far as they well can 

be, to their reſpective uſes, viz. in calcul- 
tiem and calliper or plan drawing 


it muſt follow, that I have purſued the or- 


i 


that of the buſineſs; but there can be no 
great inconvenience: in this, ſince each part 
quotes the others neceſſary for: their demon- 
As arithmetic in general is ffightful to 
Iearners, and when learned in the common = 


"In 


L 


gone through that ſcience, treated it in 2 'F 
manner to avoid both; or, as far as poſſible, 8 
to help the learner to invent his own rules, 
- which. muſt naturally be done by introducing 


7 


1 


dammon reaſon,” aud obſeryations in life; 
(from mhence indeed all general rules are rai- 1 


. Clediat:firſt.) As that has been my method, 
it muſt follow, that the whole is a diſcourſ: 
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conclude the rules in uſe. This will appear 


pretty evident in Proportion and Vulgar Frac- 


tion. 15 30 
Alſo, in the geometric. part, I thought to 
have followed the properties of lines, when 


two, three, or four, &c. were connected to- 


gether, and without intermixing the pro- 
perties of one parcel with thoſe of another; 
but upon proſecuting - my plan, the proper- 
ties grew ſo faſt upon my hands, that I 
found it impoſſible to bring them into com- 
paſs; and upon comparing a contracted form 


with other ſyſtems before wrote, I found I 


nearly agreed in the very order of the late 
Mr. Simſon of Woolwich ; therefore, as I 
could not follow a better author, I have col- 
lected his propofitions in my order. 
The ſame may be ſaid of other parts that 
were wanted to compleat the Work, ſuch as 
the ſubſtance of Mr. Durham, the laws of 


friction from Mr. Enierſon, that of pendu- 


lums from Sir I. Newton, &c, &c. upon all 
of which I have added their ufe and my 


obſervations, with ſome improvements upon 


The great want of ſuch a Treatiſe muſt 
be evident, fince we have had nothing upon 
the ſubject, properly done, fince Durham, 


who wrote when the buſineſs itſelf was but 


in embrio; and therefore his work muſt con- 
tain but a ſmall part of what is neceſſary for 
this day. . 2 
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* 4 am ſenſible af the abilities required in a 1 
Writer aon this ſubject, as well as my o] 
imperfections for the undertaking; and in- 
deed it will be hard to find one every way 3 
qualified for the province, as he muſt: be 
maſter of the ſcientifical.-part as well as the 
executive,and be able to compare the diſagree 
ment of cach. I am much indebted: to ma- 
mf the trade for their kind hints, as well = 
as their uſeful obſervations in the practica! 
part, that I have added in the Appendix; ang 
it Was to ſatisfy them that I have entered ſi” 
largely into ſeveral parts of the Work, ſuch x 
as the Doctrine of Pendulums, &c..,&c, x 
{I fartheo deſire thoſe, that may have it in 
their pq wer to: give their ſeveral experiment? 
that ævidently ſeem wanting, ſuch, as upon 
thesfizes of balances, the arc of vibration of 
pendulums;: and other trivial matters; and if 
this - Work -ſhould be thought worthy of a if 
ſecbnd⸗ edition, that it might be honoured 
with the fame, in order to make it the mor 8 
compleat for the growing generation. 
In the courſe of the Work I have noticed 
ſeveral improvements in time;keepers, which 
naturally occurred to me, and in conſequence WM 
have been obliged to ſpeak of each as they 
appeared, without reſerve, upon the in- 
ventors : but at the ſame time without an 
deſign of flattery or depreciation whatever; i 
therefore hope for pardon, if it ſhould be 
thouglit that l have miſplaced or miſrepteſent-- 
ett any invention; but would have it obſerv- 
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ed, that thoſe only are inventors who have 


brought thoughts to perfection, and not him 
or they; that may Rave thought of this or 


188 . 
1120011 


that improvement, and no farther. 


0 It is, and may well be noticed; that the 


different claims to inventions cauſe ſo much 
reciprocal abuſe upon each of the claimants; 
but let all ſuch know, that it is poſſible for 
three, four, five, &c. to a thouſand men, to 
have the fame ideas, conceptions and abili- 


10 i 23 121. * A _ % i. © Sor "X = 9 + 
ties, for the fame ſubject; and in conſequence, 


that each may have thought of the ſame cots 
trivance or invention, as it is called, at once; 
and therefore there needs no elaim but that 


which was the firſt; and indeed, this: will 


be hard to determine, ſince every ont bleſſed 
with ſuch abilities or thoughts:only; may 
not have declared the ſame; but in thoſe ſe- 
veral thoughts it 1s poſſible for them to be of 
a different degree, according to the intrinſic 
purity of the divine gift; and as ſuch each 


Pr oduction will be ſimilar; therefore I des 


termine thoſe inventions that are the neareſt 
perfection. 7 79199 2 5019 30 ; | 


From this different elaim it might well be 


ſaid by Solomon, that there is nothing new 


under the Sun. However, we will call thoſe: 
ſo, that come out in our days, ſince we 
have no hiſtories of every oneis thoughts or 
inventions; and from thence IJ haveconeluded 
thoſe inventions that appear ſo; ſuch as Mr. 
Harriſon's going fuzee Mr Cumming's pal“ 


lets, &c. &c. m contrivances in ſeveraliparts* 
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of this work, as not having been hinted at 
before that I know ß. 

I muſt now deſire of the candid readers, to 
pardon me for the miſtakes or overſights that 
may be in the Work, which muſt be inſe- 
parable from a writing mechanic; becauſe 
the avocations of his labour muſt cauſe miſ- 
takes in his writing, through his ideas being 
interrupted ; therefore if any more errors 
ſhould have co than are to be found in 
the Addenda et Corrigienda, it is haped they 
will be placed to the above cauſe, and the 
author's misfortunate education; he not hav- 
ing had ſo much of the firſt principles as 
to enable him to read, and much leſs to write. 
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3 g Fiery of been collected POS, 
Pt „ 

1 ART. 1. The four firſt Rules of Arithenetie, " 26538 

3 11. The Application of the above Rules to 

3 7 their firft Uſes in the Sab Sec. 

153 Four uſeful Examples, EN 

Wo 19. Fractions, with their ee een and Uſe, 

230. The Doctrine of Proportion, with its Ap. 


= © RES in 18 general Examples, &c. F 5 
28. The Square Root, with its Uſe and n TH 
 B cation in 22 general Examples, roa 
8 45. The Application and Uſe of all the prece- 
= | 5 ding Rules in the Calculating of Trains, 
- "_- with particular Examples and llluftrations, 122 
732. Seventeen general Examples to the whole; 
ar containing the Subſtance of Mr. Dur- 
M -ham's; and Trains for all Sorts of Time- 

> | keepers, with one for a ſelf-moving Or- . 
== rery, which f is entirely new. „ 


PART 1 


IM Aar. 73. Contains the firſt Principles, Definitions, 
Axioms, &c. and a few of the firſt Pro- 
poſitions of Geometry, 
91. The Application of the foregoing to the 
Conſtruction of a Fuſee Engine, Clock 
and Watch Pallets, the Cylinder, the 
Fuſee, with Mr. Martin's Illuſtration of 
the ſame, &c. &, — 186 
99. The firſt Principles of the Cirele, w with its 
Applications in ſome Conſtructions of 
Engines, Watches, &c. &c. 214 
106. Some farther Properties, with their Uſe, &c. 228 
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be Antiquity of Clock or Warch-wokk. 


T is probable, that in all ages, ſome inſtru- 
ments or other have been uſed, for the mea- 
uring of time. But the earlieſt we read of, is the 
Wial of Ahaz. Concerning which, little of cer- 
ainty can be ſaid. The Hebrew word Mayaloth, 
Noth properly ſignify degrees, ſteps, or ſtairs, by 
hich we aſcend to any place. And fo this word 
Nayaloth is rendered, Ezek. xl. 26. And accord- 
ZIgly the LXXII. tranſlate the Mayaloth of Ahaz, 
y the words BeIuzs and Ara Nh, i. e. ſteps or 
ſcents. The like doth the Syriack, Arabick, and 
ther verſions. : e oy ee 
Some pretend to give a deſcription of this dial 
f Ahaz; but it being meer gueſſing, and little to 
y purpoſe, I ſhall not trouble the reader with the 
Warious opinions about it. 1 45 
Among the Greeks and Romans, there were two 
Hays chiefly uſed to meaſure their hours; one was 
Wy cleplydrz, or hour-glaſſes ; the other by the 
Plaria or ſun-dials, The Kaaj1dee, ſays Suidas 
2 nd Phavarinas, was "Ogyavo &5g0oyuuv &v © d dg 
Wrrpelai, i. e. an aftronomical inſtrument, by 
rhich the hours were meaſured. Alſo, that it 
Was a veſſel, having a little hole in the bottom, 
Which was ſet in the courts of judicature full of 
Prater; by which the lawyers pleaded. This was, 
| "7 ſays 
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ſays Phavorinus, to prevent babbling; that luck 9 
as ſpeak, ought to be brief jn their ſpeeches. i q 

As to the invention of thoſe water-watChes 
(which were, no doubt, of more common uſe, 5 
than only in the law- courts) the invention, I ſay, of 
them, is attributed by Cenſorinus, to P. Cornels | 
us Naſica, the Cenſor. Scipio Naſica, Pliny calls 
him, and faith, Primus aqua diviſit horas aque 1 
noctium ac dierum. Idq; Horologium ſub tecto 
dicavit anno urbis 595. i. e. Scipio Naſica was the 
firſt that by water meaſured the hours of the night 

as well as the day. And that clock he dedicated 
within doors in the year U. C. 595,” which time 4 
fell in about the time of Judas Maccabæus, about 4 
150 years before our bleſſed Saviour's days. 
The other way of meaſuring the hours with ſun- 
dials, ſeems, from Pliny and Cenſorinus, to have 
been an earlier invention than the laſt. Pliny _ 4 Y 
« That Anaximenes Mileſius, the ſcholar of 
% Anaximander, invented dialing, and was the 
« firſt that ſhewed a ſun-dial at Lacedæmon“ 3 
Vitruvius calls him Mileſius Anaximander. This 
Anaximander or Anaximenes was cotemporary . 
with Pythagoras, ſays Laertius; and flouriſhed 3 
about the time of the prophet Daniel, 

But enough of theſe ancient time-engines, which | 9 
are not very much to my purpoſe, being not 9 2 
of - watch-work. U 

I ſhall in the next place take notice of a few bo. Wo 
rological machines, that T have met with; which, 
whether pieces of clock - work, or not, I leave to 1 
the reader's judgment. 4 

The firſt is that of Dibnyüus, which Phutarch | YI 
commends for a very magnificent and illuſtrious 
piece. But this might be only a well delineated | = 
ſun- dial. be 
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CLOCK AND WATCH- WORK. 3 
Another piece is pe of Sapor king of Perſia. 
hether that Sapor, who was cotemporary with 
*ZLonſtantine the Great, I know not. Cardan ſaith 
t was made of glaſs; that the king could fit in 
he middle of it, and ſeò its ſtars riſe and ſet. But 


"XK lock-work, or whether it had any regular motion, 
2X ſhall ſay no more concerning it. 


rapgh, is one I find deſcribed by Vitruvius ; which 
o me ſeems to be a piece of watch - work, moved 
yy an equal influx of water. $ 5 
lf the reader will conſult the French edition of 
Vitruvius, he will find there a fair cut of it. 
Among divers feats which this machine per- 
formed (as ſounding trumpets, throwing ſtones, 
c.) one uſe of it was, to ſhew the hours (which 
vere unequal in that age) through every month of 
he year. The words. of Vitruvius are, /Equali- 
"Fer influens aqua ſublevat ſcaphum inverſum 
quod ab artificibus phellos ſive tympanum dici- 
ur) in quo collocata regula, verſatilia tympana 
eenticulis æqualibus ſunt perfecta. Qui denticuli 
i lius alium impellentes, verſationes modicas faei- 
unt, ac motiones. Item aliæ regulæ, aliaque 
ympana ad eundem modum dentata, quæ una 
votione coacta, verſando faciunt effectus, varie- 
ateſque motionum: in quibus moventer ſigilla, 
ertuntur Metz, Calculi aut Tona projiciuntur, 
guccinæ canunt, &c. In his etiam, aut in co- 
umna, aut paraſtatica horæ deſcribuntur; quas 
igillum egrediens ab imo virgulæ, ſignificat, in 
Niem totum: quarum brevitates aut creſcentias, 


wer menſibus, perficere cogit. 

The inventor of this famous machine, Vitruvi- 
us ſays, was one Cteſibius, a barber's fon of Alex- 
_ = B 2 andria. 


ot finding whether this ſphere was moved by 


The laſt machine I ſhall mention in this para- 


Nuneorum adjectus aut exemptus, in fingulis diebus _ 
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and might be cotemporary with Archimedes. 


watches, and ſome other automata, might have 7 
their beginning there; or that watch and clock- 8 
| work (which had long been buried in oblivion) 
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andria. Which Cteſibius flouriſhed under Ptolo- 
my Euergetes, ſays Athenzus, 1. 4. and if ſo, he E- 
lived about 140 years before our Saviour's days; 


Thus having given a ſmall account of the anci- 


ent ways of meaſuring time, it is time to come 


cloſer to our buſineſs, and ſay ſomething more par- 9 
ticularly of watch and clock work; which is 
thought to be a much younger invention, than the 
forementioned pieces; and to have had its begin- 
ning in Germany, within leſs than theſe 200 years. 
It is very probable, that our balance-clocks or 


might be revived there. But that watch and 
clock-work was the invention of that age purely, 
I utterly deny; having (beſides what goes before) 
two inſtances to the contrary, of much earlier 
date. = 
The firſt example is the ſphere of . 7 
who lived about 200 years before our Saviour's . 
days. There is no mention of this ſphere in 
Archimedes's extant works; but we have an-ac- 
count of it in others. Cicero ſpeaks of it more 
than once. In his 2d book De Natura Deorum, are 
theſe words: Archimèdem arbitrantur plus va- 
<« Juifſe in imitandis ſphæræ converſionibus, quam i 


3 


* naturam in efficiendis, &c.“ 7. e. Thoſe fooliſh MX 


philoſophers imagine, that Archimedes was able 
to do more in imitating the motions of the ſphere 1 


than nature in effecting of them. And in his 


tuſculane queſtions, the collocutor, proving the i 
ſoul to be of a divine nature, argues from this 


contrivance of Archimedes, and ſays, Nam cum 


Archimedes lunæ, ſolis,  quinque errantium . mo- 
tus in ſphæram mei _— &c. The ſenſe is, 
e that no 


CLOCK AND WATCH-WORK. 5 
i bat Archimedes contrived a ſphere, which ſhew- 
| © d the motion of the moon, ſun, and five planets. 
But the moſt accurate deſcription is that of Clau- 
* 5 lian, in theſe words. 


]jupiter in parvo cum cerneret æthera vitro, 
= KRilit, & ad ſuperos talia dicta dedit : 
& Huccine mortalis progreſſa potentia curæ, 
jam meus in fragili luditur orbe labor. 
Jura poli, rerumque fidem, legeſq; deorum 
= Ecce Syracuſius tranſtulit arte ſenex. 
Wo. Incluſus variis famulatur ſpiritus aſtris, 
Et vivum certis motibus urget opus. 
Percurrit proprium mentitus ſignifer annum, 
Et ſimulata novo Cynthia menſe redit. 
jJamq; ſuum volvens audax induſtria mundum 
= Gaudet, & humana fidera mente regit. 
T Quid falſo inſontem tonitru Salmonea miror, 
Emula nature Parva reperta manus. 


4 In Engliſh thus: | 
When Jove eſpy'd in glaſs his heavens made; 
He ſmiY'd, and to the other gods thus ſaid : 
is ſtrange that human art ſo far proceeds, 
lo ape in brittle orbs my greateſt deeds. 
Y ys he heavenly motions, nature's conſtant courſe, 
g 4 o! here old Archimede to art transfers. 
he incloſed ſpirit here each ſtar doth drive; 
= ad to the living work ſure motions give. 
he ſun in counterfeit his year doth run, 
9 And Cynthia to her monthly circle turn. 
Since now bold man hath worlds of's owndeſcry'd 
He joys, and th' ſtars by human art can guide, 
Why ſhould we, ſo admire proud Salmon's 
I cheats, 
When one poor hed nature's. chief work re- 
3 peats, 


„ : From 
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From this deſcription it appeareth, that in this 
ſphere, the ſun, moon and other heavenly bodies, 
had their proper motion: and that this, motion 
was effected by ſome encloſed. ſpirit. What this 
encloſed ſpirit was, I cannot tell, but ſuppoſe it 
to be weights or ſprings, with wheels or pullies, 
or ſome ſuch means of clock-work : which being 
9 | hidden from vulgar eyes, might be taken for ſome 
5 angel, ſpirit, or divine power; unleſs by ſpirit 
4 | here, you underſtand. ſome ærious, ſubtiliz'd li- 
5 quor, or vapours. But how this, or indeed any 
f . thing but clock-work, could give ſuch true and 
0 regular motions, I am not able to gueſs. | wo 
i The next inſtance I have met with of ancient 
clock-work, is that famous one in Cicero, which, 
among other irrefragable arguments, is brought in 
„ to prove, That there is ſome intelligent, di- 
IA 5 vine, and wiſe being, that inhabiteth, ruletn 
= FT «in, and is as an architect of ſo great a work as 8 
14 . * the world is, as the Stoick expreſſeth himſelf.” 
if His words (ſo far as they relate to my preſent 
purpoſe). are theſe: Cum ſolarium vel deſcrip- 
* tum, aut ex aqua contemplere, intelligere de- 
5 clarari horas arte, non caſu, &c.” And a lit- 
tle after, quod ſi in Scythiam, aut in Britannia, 
ſphæram aliquis tulerit hanc, quam nuper fami- 
laris noſter effecit Poſidonius, cujus ſingulæ con 
= verſiones idem efficiunt in ſole, & in luna, & in 
* 5 gquinque ſtellis errantibus quod efficitur in cœlo 
1 | ſingulis diebus, & noctibus; quis in illa barbaric 


dubitet, quin ea ſphæra fit perfecta ratione ? The 
fum of the author's meaning is, that there were ⁵ 
© ſun-dials deſcribed, or drawn [with lines, after m8 
<< the manner as our ſun-dials are] and ſome made 
= de with water (which were the clepſydræ, or hour- 
1 < glaſſes before - mentioned.) That Poſidoniu 

had lately contrived a ſphere, whoſe. motions 
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"F< were the ſame in the ſun, moon, and five pla- 


VIS 


nets, as were performed in the heavens each 
day and night.” oY 

W The age wherein this ſphere was invented, was 
EC icero's time, which was about 80 years before 
Pur Saviour's birth. | 


And that it was a piece of clock-work, is not 
I think) to be doubred, if it be conſidered, that 
Tt kept time with thoſe celeſtial bodies, imitating 
both their annual and diurnal motions; as from 
he deſcription we may gather it did. 


lt may be queſtioned, whether thoſe machines 
ere common or not: I believe they were rarities 
When, as well as Mr. Watſon's and others are ac- 
Eounted now. But methinks it is hard to imagine, 
What ſo uſeful an invention ſhould not be reduced 
Into common uſe ; it being natural and eaſy to 


*XEpply it to the meaſuring of hours (though une 
qual) eſpecially in two ſuch ages as thoſe of 
ZW rchimedes and Tully were, in which the liberal 


5 Irts ſo greatly flouriſned. | 
= After the times laſt mentioned, barbariſm came 
Wn, and arts and ſciences became neglected, ſo 


9 that little worth remark is to be found till towards 
e lixteenth century; and then clock-work was 


vived, or wholly invented anew in Germany, as 


generally thought, ' becauſe the antient pieces 
re German work, But who was the inventor, or 


Wn what time, I cannot diſcover. Some think Sever. 
Poethius invented it long before, about the year 


io. b | | 
But if it was not ſo early as Boethius, it might 
erhaps be in Regiomantanus's time, towards the 


atter end of the fourteenth century. However, . 
it is very manifeſt it was before Carden's time, be- 


Fauſe he ſpeaketh of ir, as a thing common then. 
And he lived about 170 years ſince, And at this 
Neery day there is a ſtately clock in his Majeſty's 


B 4 palace 


% * 
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palace at Hampton Court, whoſe inſcription ſhew 
tit to have been made in king Henry the Eighth's 


the calliper of in fig. 1, and ſhall ſay more of it in 
the examples of part I. of this work. 
Another piece alſo I remember I ſaw ſome years 
ago, which was a watch belonging to the ſame 
king Henry the Eighth, which went a week. 
Probably it might be made by the ſame N.'O. 


As to thoſe curious contrivances in clock-work, 
| which perform ſtrange ſurprizing feats, I ſhall ſay 


little. Dr. Heylin tells us of a famous clock and dial 
in the cathedral church of Lunden in Denmark. 


In the dial (faith he) are to be ſeen diſtinctly the 
ec year, month, week-day and hour of every day 
„ throughout the year; with the feaſts, both i 
e moveable and fixed; together with the motion 
of the ſun and moon, and their paſſage through 
each degree of the zodiack. Then for the 


«clock, it is ſo framed by artificial engines, that 


fo whenſoever it is to ſtrike, two horſemen en- 
counter one another, giving as many blows 


„ -apiece as the bell ſounds hours: and on the 
<< opening of a door, there appeareth a theatre, 


the Virgin Mary on a throne, with Chriſt in 
her arms, and the three kings or magi (with 
their ſeveral trains) marching in order, doing 
<< humble reyerence, and preſenting ſeverally . 
their gifts, two trumpeters ſounding all the 


* while, to adorn the pomp of that proceſſion.” 


5 
X 


time, by one N. O. in the year 1540, which, for 8 
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its antiquity and good contrivance, I have given 
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To this I might add many more ſuch curious 


performances; but I rather chuſe to refer the 
reader to Schottus, where he may find a great ⁶ 


1 


variety to pleaſe him. 


be 
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The Invention of PxexnDuLUM CLocks; © 


E FORE ever pendulums were applied to 
watch-work, their motion was made - uſe of 
for the more accurate meaſuring of time in obſer- 
vations, particularly ſuch as were - aſtronomical. 
The famous Tycho Brahe is ſuppoſed to have 
made uſe of them; but Sturmius ſaith, Ricciolus 
primim pendula adhibuit ad tempora menſuranda. 
Eumq; ſecuti (etiamſi conatuum ejus ignari) 
Langrenus, Vendelinus, Merſennus, Kircherus, 
& alli quamplurimi. Automatis horologiis appli- 
cavit Heugenius. i. e. Riccioli firſt made uſe of 
pendulums to meaſure time: whom Langrene, 
Wendeline, Merſenne, Kirchir, and many others 
followed, although: they were ignorant of his 
practice. But Huygens applied them to clocks. 
Sturm. Colleg. Curioſ. p. 1. tent. 14. 

And notwithſtanding divers have pretended to 
the invention, yet Mr. Chriſtian Huygens, of Zuli- 
chem, affirms, he was the firſt that applied pen- 
dulums to clock-work, and gives very cogent 
en Th” 

This excellent invention, he ſays, he put firſt 

in practice in the year 1657; and in the following 
year 1658, he printed a delineation and deſcrip- 
tion of it. VVV 

Amongſt them that have claimed the honour 
of this invention, the great Galileo hath the moſt 
to be ſaid on his fide. Dr. John Joachim Becher, 

(ho printed a book when he was in England, en- 

tituled, De Nova Temporis dimetiendi ratione 

Theoria, &c, which he dedicated to the Engliſh 
Royal Society, anno 1680.) He, I ſay, tells 
us, “ that the count Magalotti (the great duke 
Sof Tuſcany's reſident at the emperor's 3 . 
. | ; I told 
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« told him the whole hiſtory of theſe pendulum 
& clocks, and denied Mr. Huygens to be the au- 
ce thor of them.” Alſo, © That one Treffler 
& (clock-maker to the father of the then great duke 
* of Tuſcany) related to him the like hiſtory : 
and ſaid moreover, that he had made the firſt 
„ pendulum clock, at Florence, by the command 
& of the Great Duke, and by the directions of 
his mathematician Galileus a Galilzo; a pat- 
<« tern of which was brought into Holland. And 
“ further he ſaith, that one Caſpar Doms, a Fle- 
ming, and mathematician to John Philip a 
* Schonborn (the late elector of Mentz) told 


* him, that he had ſeen at Prague, in the time of 


% Rudolphus the emperor, a pendulum clock, 
< made by the famous Juſtus Borgen, mecha- 
4 nick and clock-maker to the emperor : which 
5 clock the great Tycho Brahe uſed in his aſtro- 
© nomical obſervations.” _ v9 | 
Thus far Becher. To which I may add, what 
is faid by the Acadamie del Cimento, viz. It 
„ was thought good to apply the pendulum to 
the movement of the _ a thing which 
4 Galilzo firſt invented, and his ſon Vincenzio 
Galilei put in practice in the year 1649.“ 

As to theſe matters thus related by hearſay by 
Becher, and ſo expreſsly affirmed by the acade- 
my, I have little to reply, but that Mr. Huygens 
(whom I take to have been a man of as great in- 
tegrity, as learning and ingenuity) does expreſsly 
ſay, he was the inventor, and that if Galilæo 
ever thought of any ſuch thing, he never brought 


it to any perfection. It is certain, that this inven-- 


tion never flouriſhed. till Mr. Huygens ſet it 
After Mr. Huygens had thus invented theſe 
pendulum watches, and cauſed ſeveral to be made 


1 


\ 
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in Holland, Mr. Fromantil, a Dutch clock-ma- 


ker, came over into England, and made the firſt 
that ever were made here; which was about the 
year 1662. One of the firſt pieces that was made 
in England, is now in Greſham College, given to 
that honourable ſociety -by the late eminent Seth, 


lord biſhop of Saliſbury ; which is made exactly 


according to Mr. Huygens's method. 
For ſeveral years this way of Mr. Huygens 
was the only method, viz. crown-wheel pendulums, 
to play between two cycloidal cheeks, &c. But 
afterwards Mr. W. Clement, a4 London clock- 
maker, contrived them (as Mr. Smith faith) to 
o with leſs weight, an heavier ball (if you 
pleaſe) and to vibrate but a ſmall compaſs. 


Which is now the univerſal method of the royal 


pendulums. But Dr. Hook denies Mr. Clement 
to have invented this; and ſays that it was his in- 
vention, and that he cauſed a piece of this nature 
to be made, which he . before the Royal 
Society, ſoon after the fire of London. 5 


The uſe of theſe pendulum clocks Mr. Huy- 
gens ſetteth forth in ſeveral inſtances. Particu- 


larly, he giveth two examples of their great uſe 


at ſea, in diſcovering the difference of meridians, 


more exactly than any other way: which he de- 
duceth from the obſervations of an Engliſh and 
French ſhip. 5 : 

On land, they were found very ſerviceable, 
among other uſes, particularly to theſe two. 
1. To meaſure the time more exactly and equally 
than the ſun. 2. To be (as Sir Chriſtopher 


Wren firſt propoſed) a perpetual and univerſal 


meaſure or ſtandard, to which all lengths may be 


reduced, and by which they may be judged of, 
in all ages and countries. For (as our Royal So- 
ciety, Mr. Huygens, and Mountonus have pro- 
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12 A SHORT. HISTORY OF 
* after Sir Chriſtopher Wren) this horary 


foot, or tripedal length, which vibrateth ſeconds, 
will fit all ages and places. But then reſpect muſt 


be had to the center of oſcillation, which you 


have an account of in Mr. Huygens's aforeſaid 
book de n Oſcillatorio, as hath before 
been ſaid. 


There is one contrivance more of pendulums 
till behind, viz. the circular pendulum; which: 


Is mentioned by Mr. Huygens as his own, but is 
claimed by the late moſt ingenious Dr. Hook as 
really his. This pendulum doth not vibrate 
backward and forward, as thoſe we have been 
ſpeaking of do; but always round round; the 
ſri Lug ſuſpended above, as the tripedal 
oh. and the ball fixed below, as ſuppoſe at 
5 end of the fly of a common jack. 
The motion of this circular pendulum is as re- 
gular, and much the ſame with thoſe mentioned 


before: and was thus far made very uſeful in aſ- 


tronomical obſervations by the ſaid Dr. Hook, 
viz. to give warning at any moment of its cir- 
cumgy ration, either when it had turned but a 
quarter, half, or any leſſer or greater part of its 


circle. So that here you had notice not only of a 
ſecond, but of the moſt minute part of a ſecond of 


time. Tou may find a deſcription of this pendu- 


lum, and other matters belonging to it, in Dr. 
Hook's Lectiones Cutlorianæ: Animad. i in "He | 


velii Mach. Cœleſt. p- G0. 


The * of PexpuLUM Warenks. s 


HE reaſon they are called pendeln witches | 
is from the regularity of their ſtrokes, and 
motion, which were pretended to be not inferior 


to thoſe of a real pendulum, This exactneſs is 
cliccted 


1 
N 


228 
* 


CLOCK AND WATCH-WORK. 13 
effected by the government of a ſmall ſpiral ſpring 
running round the upper part of the verge of the 
balance : which ſpring I call the regulator. 

The firſt inventor hereof, was that ingenious 
and learned member of our Royal Society, the 
late Dr. Hook : who contrived various ways of 


regulation. One way was with a load ſtone: ano- 


ther was with a tender ſtrait ſpring, one end 
whereof played backward and forward with the 
balance. So that the balance was to the ſpring as 
the bob of a pendulum, and the little ſpring as the 
rod thereof. And ſeveral other contrivances he 
had beſides of this nature, as he aſſured me, and 

is manifeſt from divers evidences. | | oY 

But the invention which beſt anſwered expecta- 
tion, was at firſt with two balances ; of which I 
have ſeen two ſorts, although there were ſeveral 
others. One way was without ſpiral ſprings, the 
other with. They both agreed in this, that the 
outward rims of both the balances had a like 
number of teeth; which running in each other, 
cauſed each balance to vibrate ale. 

But as to the former of theſe, which had no 
ſpiral ſpring, the verges of its balance had each 
but one pallet apiece, about the middle of the 
verge. The crown-wheel lay (contrary to others) 
reverſed, in the middle of the watch, in the place, 
and after the manner of the contrate-wheel. The 
teeth of this crown-wheel, were cut after the 
manner of contrate-wheel teeth, ' viz. lying up- 
wards, but very wide apart, ſo as that the pallets 
(which were about one tenth of an inch long, and 
narrow) might play in and out between each 
tooth. The verges of the two balances were ſet 
one on one fide, the other on the other ſide of the 
crown-wheel, ſo that the pallets might play freely 


in its teeth. And when the crown-wheel, in mo- 


ving 


LY A SHORT HISTORY OF 

ing round, had delivered its ſelf of one pallet, 
the other pallet on the oppoſite fide was drawti 
on to make its beats, by means of the motion 
which the other balance had given its balance (the 
two balances moving one another, as hath been 
ſaid in the beginning of this paragraph) and ſo the 
ſame back again. 

It may here be noted, that for the more clear 
underſtanding of the laſt contrivance, I have de- 
{cribed the two balances, as having teeth on the 
edges of their rims, running in one another. But 
the contrivance was really thus; there was a 
fmall wheel under each balance, proportioned to 
the width of the crown-wheel. But the balances 
were much larger. And ſo the teeth of theſe two 
little aforeſaid wheels or balances, running in one 
another, moved the larger balances above them, 
all one, as if theſe two great balances had been 
toothed and played in each other. 

The other way, with two balances alſo, moving 
each other (as was ſaid in the beginning of the laſt 
Paragra h) had a ſpiral ſpring to each balance, for 
its regulator. In this invention, only one balance 


had the pallets, as the common balances have; and 


the crown- wheel operated upon it, according to 
the uſual way. But then when this balance vibrat- 
eth, it giveth the ſame motion backward and for- 
ward to the other balance, as hath been ſaid. _ 
The firſt of theſe two ways was never proſecut- 
ed ſo far, as perhaps it deſerved ; and the excel- 


lency of the latter is, that n Jürk, or the moſt 


confuſed ſhake, can in the leaſt alter its vabrations; 
which it will do in the beſt pendulum watch with 
one balance now commonly uſed. For if you lay 
one of theſe watches upon a table, and by the pen- 


dent jirk it back ward and forward, you will put it 


into the greateſt ny 3 Whereas the laſt — 
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ing it out, as thinking it not worth while. 


WATCH AND cLOck WORK. 15 


ed watch, with two balances, with be nothing af. 
fected with it. But nothwithſtanding this incon- 


venience, yet the watch with one balance and one 


ſpring (which was alſo Dr. Hook's invention) pre- 
vailed, and grew common, being now the univer- 
ſal mode; but of the other very few were'ever 
made. The reaſon hereof, I judge was the great 


trouble and vaſt niceneſs required in it, and per- 


haps a little foulneſs in the balance-teeth may re- 
tard the motion of the balances. But the other is 
eaſier made, and performeth well enough, and in 
a pocket is ſcarce ſubject to the aforeſaid diſorder, 
which is cauſed rather by a turn than a ſhake. 

The time of theſe inventions was about the year 


1658, as appears (among other evidence) from 
this inſcription, upon one of the aforeſaid double 

balance-watches preſented to king Charles II. viz. 
Robert Hook inven. 1658. T. Tompion fecit 1675. 


This watch was wonderfully approved of by the 


king; and ſo the invention grew into reputation, 


and was much talked of at home and abroad ; par- 
ticularly its fame flew into France, from'whence 
the dauphin ſent for two; which that eminent ar- 
tiſt Mr. Tompion made for him. e 

Dr. Hook had, long before this, cauſed ſeveral 
pieces of this nature to be made, altho” they did 


not take till after 1675. However, he had before 
ſo far proceeded herein, as to have a patent (drawn, 


though not ſealed) for theſe and ſome other con- 
trivances about watches, in the year 1660. But 
the reaſon why that patent did no further proceed, 
was ſome diſagreement about ſome articles in it, 


with ſome noble perſons who were concerned for 
the procuring it. The ſame ingenious Dr. had alſo 


a grant for a patent for this laſt way of ſpring 
watches in the year 1675; but he omitted the tak- 
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16 A SHORT HISTORY OF 
After theſe inventions of Dr. Hook, and (no 


doubt) after the publication of Mr. Huygens's 
book, de Horolog. Oſcil. at Paris, 1673 (for 
there is not a word of this, though of ſeveral other 


contrivances) after this, I ſay Mr. Huygens's watch 
with a ſpiral ſpring, came abroad and. made a 
great noiſe in England, as if the longitude could 
be now found. One of theſe the lord Bruncker 
ſent for outjof France (where Mr. Huygens: had 
a patent for them) which I have ſeen. „ 
This watch of Mr. Huygens agreed with Dr. 
Hook's, in the application of the ſpring to the 
balance; only Mr. Huygens's had a longer ſpiral 
{pring, and the pulſes or beats were much flower. 
That wherein it differs, is, 1. The verge hath a pi- 


nion inſtead of pallets; and a contrate-wheel runs 


therein, and drives it round more than one turn. 
2. The pallets are on the arbor of this contrate- 
wheel. 3. Then followeth the crown-wheel, &c. 
4+ The balance, inſtead of turning ſcarce quite 
round (as Dr. Hook's) doth turn ſeveral - rounds 
every: vibration. © th r 
As to the great abilities of Mr. Huygens, no 
man can doubt, that is acquainted with his per- 
formances. But I have ſome reaſon to doubt, 
whether his fancy was not firſt ſet on work by ſome 
intelligence, he might have of Dr. Hook's inven- 
tion from Mr. Oldenburg or others, his corref- 
22 here in England, although Mr. Olden- 
urg vindicates himſelf againſt that charge in Phil. 
Tran. No. 118 and 129. But of this controverſy 
ſee more in Mr. Waller's life of Dr. Hook, p. 4. 
But whether or no that ingenious perſon doth 
owe any thing herein to our ingenious Dr. Hook, 
it is however a very pretty and ingenious contriv- 
ance, but ſubject to ſome defects, viz. When it 


— 


ſtandeth ſtill, it will not vibrate, until it is ſet on 


vibrat= 


= ibrating ; which, though it be no defect in a pen- 
ulum. clock, may be one in a pocket-watch; 
nich is expoſed to continual jogs. Alſo, it doth 
mewhat vary in its vibrations, making ſometimes 
Ponger, ſometimes ſforter turns, and ſo ſome ſlow- 
r, ſome quicker vibrations. 


= 


nich I mention not, becauſe they are of a younger 
anding. But cheſe two (of Dr. Hook and Mr. 
WHuygetis) I have taken notice of, becauſe they 
Wrerc the firſt that ever appeared in the world. 


e Invention of Reytarind Croexs, by Meſſrs: 
"=  BarLow And Quake. 5 


HE clocks I now ſhall Ipeak of, afe fuch as 


Und night. 


2 1 Barlow, of no longer ſtanding thari the latter end 
king Charles IL about the year 1676. 


his ingenious contrivance (ſcarce fo much as 


ought of before) ſoon took air, and being talk- 


. among the London anif, ke thi heads 
ID work ; Who preſently contrived ſeveral ways to 
ect ſuch a performance. And hence aroſe the 


eerent ways of tepeating-work, which ſo early 


"Wight be obſerved. to be Aboiit the town, every. 


———=&nt1on. RT ad Nia. 3 6 

CCC 
: in larger movements, till king James II's reign; 
which time it was transferred into pocket- 
ocks. But there being ſome little conteſt con- 


, 


matter 


clock AND WATCH-WORK. 15 


I have ſeen fome other contrivances of this ſort; | 


1 by pulling of a ſtring, &c. do ſtrike the 
ur, quarter, or minute, at any time of the day 


IF Theſe tlocks are a late invention of one Mr. 


n almoſt praiſing, according to his own in- 


ning the author hereof, 1 ſhall relate the bare 
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is A SHORT HISTORY OF | 
matter of fact, leaving the reader to his own. 1 
judgment. ; 

About the latter end of king James the Second! 2 


reign, Mr. Barlow, the ingenious inventor before. 
mentioned, contrived to put his invention into 

ocket-watches; and endeavoured, with the lord 
chief juſtice Allebone, and ſome others, to get 
patent for it. And in order to it, he ſet Mr, 3 
Tompion, the famous artiſt, to work upon it: 
"who according made a piece according to his d. L 
rections. 

Mr. Quare, an ingenious watch-maker in Lon 
don, had ſome years before been thinking of the 
like invention; but not bringing it to perfection, 


he laid by the thoughts of it, until the talk o 
Mr. Barlow's patent revived his former thoughts; 
which he then brought to effect. This being N 
known among the watch-makers, they all ba 1 
him to endeavour to hinder Mr. Barlow's patent. 

And accordingly applications were made at court 

and a watch of each invention, produced before f 


the king and council. The king, upon trial of 


g 
each of them, was pleaſed to give the preference 5 
to Mr, 1 s; of which notice was given — 3 Y 


after 1 in the Gazette. Z 
The, difference between theſe: two inventions I 
was, Mr. Barlow's was made to repeat by puſhing * ; 
in two pieces on each ſide the watch · box: one al . 
which repeated the hour, the other the quarcer'ſ 4 
Mr. Quare's was made to repeat, by a pin tha 
ſtuck out near the pendant; which being thruſt in 
(as now *tis done by thruſting i in the pendant) did 
repeat both the hour and quarter, with the a 
thruſt. "i 
It would, I think, be very frivolous, to ſp eak| BY 


8 "X72 WE ED 


of the various contrivances, and methods x, 1e F 


F CLOCK AND WATCH-WORK. 19 
L 1 ating-work, and the inventors of them; and 


therefore I ſhall ſay nothing of them. 
nd; "8 From the foregoing account given by Mr. Dur- 
fore. ham of the riſe and inventions of clock and 
int) watch-work, about a hundred years ago, we may 
lord ſee the tate it was then in, and from what it is 
vet 1 now, may be compared the improvements made 
Mr. in the time elapſed, upon the inventions begun 
1 it. Eat that time. The principal executor, as appears, 
5 dj. vas Mr. Tompion, who may be looked upon as the 
firſt Britiſh mechanic in this art; he is called ex- 
Lon. cellent by our author, and ought to be called ſo 
* the by every man elſe who is a judge, and has ſeen his 
tion, work. I faid above, he was the firſt mechanic in 
Ik of he kingdom; and he may be called the laſt, I 
rhts; fear, hitherto a few excepted ; for his pieces are 
ins emarkably well executed, and have juſt ſyſ- 
efſes ems of theory in them. The former, as I have 
tent, aid, are a match for all our modern hands put to- 
our, ether, Meſſrs. Harriſon, Kendal, &c. excepted ; 
fore or if they were to work a piece without engines, 
al of nd other knack contrivances, as he did, we ſhould 
enc: ee few to equal him. His teerh, in my opinion, 
ſoon re better than our beſt cut wheels now; at leaſt, 


he wearing of them ſhew it: the ſame may be 
id of his pinions, which were cut out of ſolid 
I eel, and are very good, though not equal to the 
eth of his wheels. The principles of his work 
em to be more juſt than thoſe. of many of his 
occeſſors; for he has made a juſt calculation be- 
in veen his firſt and laſt power. To gain which, 
nd keep his work flat, he has kept his plates re- 
arkably thin, and without hollows and dinges, 
EF hich inaccuracies are too evident in rtiodern 
ieces. Alfo his fuſees and balances may be 
eckoned nearer the matter, than moſt of thoſe 
ho have ſucceeded him. In ſhort, his plans 
C 2 | were 
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w A SHORT HISTORY OF 
were well dran; fuſees of the hyperbolic ſhape, 
teeth true epicycloids, and balances about the real 


ſize or diameter, in proportion to the power given, 


and of a Weight in proportion to the diameter. 
Mr. Graham may be called Tompion's ſucceſ- 


for, who added gteat improvements to many parts 


of the art, according to his mechanical abilities, 


Which are too well known, to need any eneomium 


from me; though I have the greateſt veneration 
for his memory, yet I do not quite acquieſce with 
him in all his improvements; in particular, his in- 
crealing the momentum of balances by weight, 
inftead of the velocity; and likewiſe his increaſe 
of the neck of the pallets. of clocks, and ſome 
other trivial matters. I mention theſe as clouds of 


a great man; therefore hope they won't be wreſted 


into any defign of depreciation, n 
Next to Graham, may be placed the late Mr. 
John Ellicott, who ſeems rather to have taken up 
the threads ef Tompion, and improved the ſame, 
than to have followed his predeceſſor Graham; or 
at leaſt to have retrenched the ſmall errors of the 
latter. | = | | 


- 


intifely calculated for the advantage of the pub- 


| lick, viz. to have juſt principles in them, and all 
ſuperfluous niceties laid aſide, that do not tend to 


the performaner of each piece. 


rom one period or other of the before men- 
tioned gentlemen, have ſprung different perform- 
ers and mechanics in this branch of mechahics, 
who have each; according to his abilities or choice, 
purſued a different plan; ſome tending ro ithprove- 


ment, and others to hucre or gain: among the 


former F be mentioned, : Mudge, Mathe ws, 
Th Dun TE e eee 


* 
> 1 


As far a8 1 have ſeen this gentleman's plans, 
work, &e. they ſeem to me, in general, to be 


ker of Wigan, Lancaſhire, &c. who each may 


ment, which properly belongs to our buſineſs; 
but we have a ſuperior requiſite, which 1s the 


perfecting the art equal to ſcience z or at leaſt, 
"XX to far as to make our mechanical performances 
ſubſervient to the uſe of ſcience. The ſciences na- 


turally bring in all mathematical inſtruments, 


ſuch as orreries, terreſtial and celeſtial globes, &c. 
Ke. for the uſe of aſtronomy; and alſo thoſe for 
the meaſuring of ſpace and time, ſuch as ſurvey- 
ing inſtruments z and thoſe for the uſe of naviga- 
tion, which brings in time-keepers or watches, 
that where ſpace cannot be meaſured, it may be 
determined from the time in moving over it, or 
in paſting over it, e 2 


This, I believe, was the firſt intent of making 


time-keepers, as appears from what Mr. Huy- 
gens attempted and compleated ; but he not ſuc- 
ceeding in the moſt approved method of the pendu- 
lum, he declined the thoughts of ever bringing to 
perfection a time-keeper, every way qualified for 
he determination of the longitude at fea. This 
was a matter preſerved for the honour of this na- 
tion, and that in the perſon of Mr. John Harri- 
XX fan, who took up the firſt hints given by Huy- 
gens and others, and compleated the propoſal. 
WT But by different plans, the method of fhewing 
the time immediately from the pendulum, he ap- 
XE plicd to clacks firſt, and then carried his imprave- 
ments into watches, with great accuracy in princi- 
ble and execution; the latter of which is. inſe- 
XX parable from that gentleman. He rather ſeems 
ro have taken up the threads from Huygens 
and Tompion, than to have followed any modern, 
= viimſical and imaginary notions of improvement. 


C 3 Though 
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be placed in ſome points equal to their prede-. 
—_ ceſlors. WF 
"8 The faregoing is the common line of improve- 
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though his improvements are falſly aſſerted to have 
been the thoughts of different artiſts in theſe days, 
The number of improvements he has already left 
for the trade are many and valuable; and as he 
may give us a full explanation of them himſelf, I 
ſhall not ſay any thing particular, but give the ge- 
neral account, which has been laid before the pub- 
lic in pamphlets upon different ſubjects. . 
It may be ſaid of this gentleman, or his whole 
family, indeed, as it was ſaid of Shakeſpear in 
oetry, that he is nature's mechanic; for being 
rn and brought up in a place diſtant from any 
great proficients in the bent of his genius, and to 
a different branch of manual mechanics; and, I 
believe, without any inſtruction (for J have but 
little perſonal acquaintance with him) in the theory 
of mechanics: I ſay, with theſe difadvantages, 
it is more to be admired, he ſhould bring the 
deſideratum of this nation to the perfection he 
has. Thoſe who have had theſe advantages, ima- 
gine his performances cannot be ſuch as are gi- 
ven out of them, from the common courſe of 
things: but to me it appears quite otherwiſe ; for 
what 1s more common, than for the following of a 
. tyſtematical form, to preclude all enquiry into the 
Principles of things; whereas the mind, without 
inſtruction, ſeeks for its wants, and, if natural to 
the turns of its ideas, fees them clear, without 


that clogging burthen; © that then my predeceſſors 
muſt be wrong,” which to a man of a generous # 
principle, cauſes a reiterated view, and much 


concern. Theſe alledgments are made moſtly 


„ 


N 2 5 
2 c T 8 
1 * - r er SS ge R 


_ 


againſt the executive part of this artiſt, which in- 


deed is the only place they can be applied with 


judgment; hut are eaſily removed, by a compari | 
ſon with the beſt performances of the objectors, . 
who, if judges themſelves, will be obliged to al- 
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oy the ſuperiority. And, indeed, this ſeems to 
e the chief objection to the general utility of his 
imme: keepers, that the board of longitude lay ſo much 
treſs on. But as his laſt and beſt executed piece 


as been imitated and made equal to the pattern, 
ind by a perſon no ways aſſiſted by the inventor, 
t evidently appears, that the time-keeper 1s of ge- 


eeral utility. | 
As he was near forty years in bringing his 
atch to perfection, and of a natural mecha- 


1 x. 


ical turn for his undertaking, it may be ſup- 


_— 
. 1 


poſed, that he had many trials and experiments, 
pon ſeveral different principles of nature, which 
ffered themſelves in different forms for their ſe- 
"Feral uſes; and upon the concluſion of his labour 


ound them inſufficient for his deſign. * Since 


Ihe ſame thoughts may ariſe in the ideas of 
ifferent mechanics, who may have the ſame 
Purſuit in view, a full account of theſe expe- 
ments, both of thoſe that miſſed, and thoſe 
bat did not, or came near perfection, would 
e of infinite advantage to futurity, ſince by ſuch 
regular and fair relation of the facts attending 
ie experiments, the growing generation would 

naturally perceive the progreſſive arrival at per- 
con, and by what labour it was come at; and 
conſequence would fave the time of going over 
e fame experiments, unleſs in ſome doubtful 
es, which would naturally offer; and therefore, 
pon the concluſion, every artiſt would be judge 
er himſelf, whether what was propoſed before 
im was of a juſt principle or not; and if ſo, how 
War it admitted of improvement. For the want 
f ſuch information, I have been let into expence 
nd loſs of time, and in the very caſe before me, 
iz. of this watch of Mr. Harriſon's ; for, by a 
F ttle reaſon, I naturally fell into the certainty of 
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the evil of an accumulated error in time- keepers 


and in conſequence thought of the ſhewing of | 


upon Mr. Harriſon's r each of whom 
concluded with me, t 


but upon a cloſer examination of the principles of 


Pee 


ant miſs, were related, eſpecially of thoſe in 


attempts were done for amuſement, partly in their | $ 
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CLOCK AND WATCH. WORK. ag 
; 8 they compleated ſeveral curious pieces in wood, 
i Vith iron or ſteel axes, or pevots. They contrived 
t feveral curious forts of pallets upon different 
principles, and alfothe intermediate weight, as laid 
don by Huygens, even before they had heard or 
ſeen what that learned mathematician had done in 
the ſame way. One of theſe pieces, made by the 
fare Mr. James Harriſan, is now in being at Bare 
ro, in Lincolnſhire (the place of his birth) with 
XX the curious pallets to it, fo ſeverely examined by 
F Ir. Cumming, and which has kept time, within 
one ſecond, in a month, for ſeveral years toge- 

ter, and that without the need of cleaning. 
Having for ſome time proſecuted their expe- 
 X riments, they then undertook the mending their 
| 8 friends and neighbours clocks and watches, in 
"EF which they gave great ſatisfaction. Their method 
of regulating of watches was particular, and what 
3 ought to be done by all who undertake that part 
ot our buſineſs. Which was, to keep a regiſter of 
due going of each piece, and that in different po- 
fſitions; by which means their ſeveral variations 
7 were noted, and their cauſes examined, and when 
: © found, corrected, and that according to the value 
“of the piece; as if the balances were found to be 
lighter on one ſide than the other, they were adjuſted, 
either by adding to, or tak ing from one ſide of each, 
or making new ones; alſo if the variations were 
found to ariſe in the train, which ſometimes hap- 
e from the main ſpring or pinions being 
| big or too little, & c. Without ſuch a regular 
regiſter, it is hardly poſſible to find out the faults 
in common watches, viz. at what time they ftop 
and then what is the cauſe, &c. From the proof 
of their judgment, which they gave in mending 
time-keepers only, they were folicited by their 
friends to undertake' the making of ſome you 
| | | or 


> — Kum m 2 
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for the uſe of the longitude at ſea, and in any 
form they thought the moſt proper. 
In conſequence of which, they began firſt to 
amend what might be wanting in common clocks, 
which was moſtly in the pendulum, pallets, and 
intermediate weight, or its principles. When their 
improvements were brought to perfection in 
pieces, that were conſtantly in one poſition, ſuch 
as clocks in houſes, they proceeded to make them 
o with the ſame accuracy in different poſitions, 
which required an equipoiſe in the laſt mover or 


balance, and therefore required a different prin- 


ciple from that of the pendulum. And in their 
ſeveral attempts and trials, they run through moſt 


of the forms of time-keepers, related by Mr. 
Martin, in his Inſtitutions of Clock- work, many 


of which -were put into the melting -pot, after 


their trial. The only one of which ſeemed to bid 


fair for the uſe at ſea, was that with radious 


pieces, and balls upon them like the flies of jacks, | 


with -undulated ſprings for their innate principle 


of motion. It was with. this piece that Mr. Har- 
riſon made his firſt trial at ſea, in a voyage to Liſ- 


bon, in which he corrected the longitude one de- 
gree and a half in the paſſage home; contrary 
even to the imaginations of all the beſt navigators 
in the fleet. But he ſtill following his improve- 


ments, brought to perfection his laſt performance; 


which to me ſeems as much ſuperior to the former, 
as the former was ſuperior to any one made before 
it. The moſt general account of which here 


follows. E243 LOH EE $ | . 
In the Philoſophical Tranſactions, No. 1, we 


have an account of a ſucceſsful experiment, made 
with two pendulum watches, by major Holmes, 


in a voyage from the coaſt of Guinea homewards. 


This, and ſome other ſucceſſes, encouraged 


monſieur 
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monſieur Huygens ſo far, that after he had im- 
proved the ſtructure of theſe watches, he publiſhed 
an account at large, for the ſhewing how and in 
what manner theſe watches are to be uſed in find- 
ing the longitude at ſea, with directions for ad- 
juſting of them, and keeping a journal by them; 
which account the curious reader may fee at large 
in the Philoſophical Tranfa&tions, No. 47. 

This method has been purſued by the ingenious 
Mr. John Harriſon, who, after many years la- 
bour, has at laſt compleated a time-keeper, which 
has every requiſite neceſſary for finding the longi- 
tude at ſea; and from ſeveral experiments, parti- 
cularly two voyages to the Weſt Indies, it was 
found to keep time ſo very accurately, as not to 
vary above a minute in the whole voyage; and he 
has accordingly received 10,0001. being half 
the ſtipulated reward for this diſcovery ; and will, 
it is preſumed, receive the other moiety, as ſoon 
as his watch ſhall be found to keep time, with the 
ſame degree of accuracy, in the frozen zone. 
The reader will therefore be pleafed with finding 


ſome account of this ingenious contrivance, which 


we ſhall give from a report delivered to the Board 
of Longitude by Mr. William Ludlam, one of 
the gentlemen to whom Mr. Harriſon was referred 
to make a diſcovery of the principles of his 


time- piece. a 


The defects in common watches, ſays Mr. Lud- 
lam, which Mr. Harriſon propoſes to remedy, are 
the following. 5 e 

Iſt, That the main ſpring acts not conſtantly 
with the ſame force upon the wheels, and through 


them upon the balance. 2dly, That the balance, 


either urged with an unequal force, or meeting 
with a different reſiſtance from the air, or the oil, 
or the friction, vibrates through a greater or leſs 


„ A SHORT HISTORY OF 
arch. gdly, That theſe unequal 


vibrations are 
pat performed in equal times. 4thly, That the 
1 7 of the balance ſpring is altered y a change 
at. 
To remedy the firſt defect, Mr. Harrifa has 
contrived, that his watch ſhall be moved by a ve- 
ry tengſer ate which never unrolls itſelf more 
an + part of a turn, and acts upon the balance 
through one wheel only. But ſuch a ſpring can- 
not keep the watch in motion a time. He 
has. therefore joined another, whoſe office is to 
wind up the firſt ſpring eight times in every mi- 


nuke, and which is itſelf waund up but once in. 


2 day. 


To remedy the ſecond defect. Mr. Harriſon 


vues a much ſtronger balance ſpring than in a com- 
man watch. For if the force of this ſpring upon 
the balance remains the fame, whilſt the force of 
the other varies, the errors ariſing from that vari- 
ation. will be the leſs, as the fixed farce is the 


greater. But a ſtronger {pring will require either 
a heavier or a larger balance; a heavier balance 


would have 3 greater friction. Mr. Harriſon 
therefore increaſes the diameter of it: in a com- 
mon watch it is under an inch, in this of Mr. Har- 
riſon's, two inches and two tenths, 

Had theſe remedies been perfect, it would Low 
been unneceſſary fo conſider the defects of the 


third ſort, But the methods already deſcribed 


only leſſening the errors, not removing them, 
Mr. Harriſon uſes two ways to make the times of 


the vibrations equal, though the arches may be 


unequal. One is to place a r fo. that the ba- 


lance-ſpring, Oy againſt it, has its force in- 
e 


creaſed, - but increaſed leſs when the vibrations 


are larger; he other to give the palats fuch a 


ſhape, 


HS: 


7 4 
EE 
— 


8 


quire patience and perſeverance; but with thefe 
= | wow res other workmen need not deſpair of 
ſuccefs equal to Mr. Harriſon's. There is no rea- 
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tage, when the vibrations are larger. | 
To remedy the laſt defect, Mr. Harriſon uſes u 
bar compounded of two thin plates of braſs and 
ſteel, about. two inches in length, rivetted in ſe- 
veral places together, faſtened at one end, and 
having two pins at the other; between which the 
balance-ſpring paſſes, If this bar be ſtraight in 


| temperate weather, braſs changing its length by 


heat more than ſteel, the brafs ſide becomes con- 
vex when it is heated; and the ſteel ſide, when it 
is cold : and thus the pins lay hold of a different 
part of the ſpring in different degrees of heat, and 


tengthen or ſhorten it, as the regulator does in a. 


common watch.  _ 8 

The two firſt of theſe improvements, any good 
workman, who ſhould be permitted to view and 
take to pieces Mr. Harriſon's watch, and be ac- 
quainted with the tools he uſes, and the directi- 
ons he has given, could, without doubt, exactly 
imitate, He could alſo make the pallets of the 


hape propoſed ; but for the other improvements, 
Mr. Harriſon has given no rules. He ſays, that 


he adjuſted thoſe parts by repeated trials, and that 
he knows no other method. This ſeems to re- 


ſon to ſuſpect, that Mr. Harriſon has concealed 


If our opinion of the excellence and uſefulneſs 
of this machine be aſked, I muſt fairly own, that 


RE from us any part of his art. | 


nothing but experience can determine the uſe of 


it with certainty; however, I think it my duty, 
ſays the above gentleman, to declare to the Board 
the beſt judgment I can form. = 


ſhape, that the wheels preſs them with leſs advan- 
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The firſt of Mr. Harriſon's alterations is, I be- 
lieve, an improvement, but not very conſiderable, 
Probably, if the other defects in common watches 
could be removed, the changes in the force of the 
main - ſpring would not occaſion ſuch errors as 

would make them uſeleſs at ſea. 

The next alteration ſeems to be of greater im- 
portance; I ſuppoſe, that it contributes more to 
the exactneſs of the watch, than all the other 
changes put together; but is attended with ſome 
inconvenience. The watch is liable to be diſor- 
dered, and even ſtopped. by almoſt any ſudden 
motion; and, when ſtopped, does not move again 
of itſelf. But as it has gone two voyages without 
any ſuch accident, it may ſeem that this danger at 
ſea is not conſiderable. 4 7 Os gh 

The principle on. which Mr, Harriſon forms 
the alterations of the third ſort is, that the longer 
vibrations of a balance, moved by the ſame ſpring, 
are performed in leſs time. This is contrary to 
the receiyed opinion among the philoſophers and 
workmen. But if Mr. Harriſon is right, yet whe- 
ther the method he has propoſed will correct the 
errors or not, is to me quite uncertain.  * 

The laſt alteration beforementioned is ingenious 
and uſeful; but that it can be made to anſwer ex- 
actly to the different degrees of heat, ſeems not 

probable. KEE 5 
Jo the foregoing account by Mr. Ludlam, 
may be added that of the going fuſee, which is to 
keep the watch going while winding up. This 


invention is equal to, if not ſuperior to any of the 


former, and is what was never thought of before 
that I know of. Mr. Ludlam ſeems doubrful of 
the general ability of the laſt improvement menti- 
oned by him. But there needs no doubt in the 


matter, for an equal increaſe or decreaſe of the 
| | length 
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WATCH AND CLOCK WORK. 3 
length in ſprings, makes a proportional alteration 
in the time, as he confeſſes; therefore, if equal 
degrees of expanſion produce equal quantities of 
' curvature in the pieces of metal, the degrees of 
heat will be proportional to the variations of 
time; and it muſt follow, that by experience the 
curvature may be proportioned to the ſame varia- 
tions, and that equal degrees of heat will not have 
ſimilar effects in ſimilar caſes, as far as they can be 
- produced, is to ſuppoſe a contradiction to the fineſt 
1 rules in philoſophy. Therefore, I think the im- 
"8 provement poſſible to be executed to any degree of 
E_  Theforegoing is the ſtate of the improvements 
do, and I may ſay almoſt at the perfection of this 
cſcientifical branch of mechanics, acquired by the 
"2X labours of one man, and part of that of his bro- 
ther. It is true, he has had his oppoſers and fol- 
lovers in the ſame deſign ; ſome of them the'lealt 
I qualified, But of this nation, the moſt worthy is 
Mr. Arnold; whoſe mechanical abilities are well 
"IE worth notice, as well as ſome of his performances; 
== and if he does not ſucceed in his attempts after 
Mr. Harriſon, it will be owing to his careleſs at- 
tention paid to the demands of the laws of na- 
ture. | | . 
The foreign productions for the ſame deſign 
fram Huygens, may all be placed in Monfieur de 
le Roy, who has made a time-keeper for the ſame 
purpoſe, The chief improvement of this piece, 
1n principle, is, that he has made his intermedi- 
= | ate correction nearer the laſt cauſe. But, if I un- 
= | derſtand this gentleman right, he, as well as Mr. 
Arnold, have miſtaken the intent of the interme- 
= diate correction, for they each of them endeavour 
at an over-ruling momentum to the moving 


train, and from the corrections which the former 
$6 | ſhall 
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42 A SHORT HISTORY, &c. 

ſhall ive to the latter; by the latter with its Unan- 
nihilated errors they ſhew the time, which is no 
more than an approximation, and has no prineiple 
of truth in it, though it may eome near. This is 
evident from the very laws of approßimation, 
elther of that laid down by the ancient geometers, 
or modern algebraiſts; who esch conclude, that a 
quantity may be made leſs than any afſighable 
- - Quanitity, yer they never deſign the idea of no- 
thing. Therefore, though the quantity be made 
the leaſt poſſible by a reverſe procels, it may be 
made the greateſt, which is quite a different prin- 
ciple from that of nothing; for any number of 
nothings, are the ſame of one, and conſequently 
are nothing ſtill. „3 = | 
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Of the Nor ATIOY F ARITHMETIC. | 


HE firſt thing neceſſary in arichmetic, 
E is to get a right idea of the received 
rhod of expreſſing numbers, which is done two 
s; the firſt, by a ſet of characters to expreſs 
nbers leſs than ten; which characters are theſe, 
0, 1, 2, 3, 4. 6, 6, 7. 8, 9, the firſt of 
ch is the moſt uſeful, as will appear from the 
nd part of the notation. ” 

. The ſecond part of the notation, is from 
place in which the above characters may ſtand, 
from the right to the left hand; for ſuppoſe 
ee places like theſe three dots, . . if any of 


ſtand | 


hy TH 5 eee 
3 its ſelf, it cannot be ſaid to ſtand in the 
my _ or, third place, till Your idea of 
ky may be to the right or r bet of it has ſhewn. 
dan the, place; for t bough 4 ands for 4 units, 2 
when I conſider _that there. Ade hundreds nor tens 
befreit; yer-when J conſider -it to have no tens 
or. units Arti it, it will become four hundred, ot 
forty. Hence comes the great uſe of the charae. 
ter. o, for 004, O4, ſtands only for four unit, 
bup 400, 40, 4, ſtands. for four hundreds, forty, 1 
and four; fo that o, after. a figure, increaſeth the 
value, but before the ſame does not alter it. 
Fram theſe ten characters and three places, we 
can expreſs any whole numbers, between nothing 
ang nine hundred; for to expreſs fix hundred and 
ninety-four, firſt 600 is for the firſt, and go and 
4 for the ſecond. exprefſign.;, or all. in ode line 
thus, 694. | 
& AER. to expreſs any greater number, i 0ny 55 
x take 1 more places to the left hand, and let 4 
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eaſe in the ſame proportion, viz. let. te 
ee be ten times the. laſh of the 
thee. Th it be ten times the laſt place o | 1 
te! 1 ree, — it muſt be conſidęred as 1 
new. name; which name is called: thouſands, | 3 
the . will be tens, and; the, third: will be hun- - 
dre eds o that name; ar, it, will) be. units, tens, 7 
hundreds of thouſands; the ſame. as che oth- il 
A units, tens, hundreds of ones. From lM 
the e lx places any, number.may be. expreſt;, from 5 by 
| "thing, Fa Rader thouſand... 1 
expreſs any. higher. number than. 53 
| wa Lite mentioned, is by , taking. three more. off 
places, and, letting the firſt be called a new name; 3 3 
as ſuppoſe millions of ones or unitg, and then E 
tens, hundreds, as, befores and as the; adopted MN 
names are. bin » trillions. &xc. lo it is only tak- IF I *# 
| 1 ol 
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9 n 
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mes to them, to expreſs any number, let it be 
er ſo long, or more general, thus, &c. | 
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M. Th. ones. | 
iu: c:X:4, c: Xx: 1. After you have got 
lear idea of this general table, you will be maſter 
te long preamble of names, which boys have off 
heart, viz. of units, tens, hundreds, &c. &c. 
lf you read the above table in words (having 
t the figures 3, 2, and 1, in the places of 
=> and u reſpectively) it will be, beginning from 
left hand to the right, three hundred and 
Nenty- one thouſands, three hundred and twenty- 
e trillions; three hundred and twenty-one thou- 
ad, three hundred and twenty-one billions; 
e hundred and twenty one thouſand, three 
Ydred and twenty-one millions; three hundred 
wenty- one thouſand, three hundred and twen- 
Ye units; or ſingle things. Now it may be 
erved from the reading it in words (firft) that 
every period of fix figures, the firſt ſtop is a 
ma (,) and the next a ſemicolon (;) according 
ie order of reading. (Second) that, at every 
colon, the words of the period come in, viz. 
oons, billions, millions, and units, which ob- 
cation gives us a rule to value the greateſt num. 
poefble,; as ſuppoſe this number, 3457; 
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—= Hence alſo it is eufy to tell tie laſt name, 
ay intermediate one from the fifſt; fbr if the” 
ſemicolon be fer the name of millions; or once 
eated thouſands; then the next will be for twice 
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MF 24 or billions, the third for rhtice br trillions, 
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36 THE NOTATION. 


tillions, &c. &c. 14 > "ES IE > 


_ ſand, ſeven handed apd: dixty: three units or 12 $ 
things. 1 


is ten times the one preceding it to the right, 


ta one. Then comes, the laſt character o, or n 


tween affirmative and negative numbers. As we — 
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the fourth for: quadrillions, and the ch or: du, 


In this caſe the above 8 are in words þ 23 
three thouſand, four hundred and fifty-ſeven quin. 7 3 
tillions; eight hundred ninety-eight thouſand, foul 1 
hundred and ſixty-· three quadrillions; four hun 3 
dred ninety- one thouſand, {ix hundred and ninety. 
eight trillions; eight hundred ei ighty- nine e y 
ſand, ſix hundred and ſeventy-eight billions ; nin? 
hundred and tnirty- four thouſand, fix hundred 1. 
venty- eight millions; two hundred and one chor 


RY Moreover, as every place to the. left = 


conſequently all the places decreaſe. in a tenfoli 
proportion, from the left down to the laſt place o A 
the right; alſo. any of the above nine characeni F 
being put in the right hand place or units, fron 4 
9 8, 7, &c. down to 1, ſnews the value from te j 


thing as it is called, which is imagined by ſome u | 1 
be the loweſt expreſſion or character of numbe 4 4 
poſſible, but it is properly the middle place be 


come down to one, we can divide it into as mam 
parts as we divided in the large number (4); and 4 
by the ſame analogy. But the places muſt go 


to the right, inſtead of to the left hand; as cb 


can be no units in this laſt part of the table, the 1 4 
place. is filled with a eypher or dot .inſtead of i, 
which is done on many other occaſions as well af I 
this; ſo. that a table of parts will ſtand thu 
nc. u: X c; 40, on, ad infinitum; as befor 


in (4), or in numbers . 23, 1233 12 3. &c. wh 


= 
es 


is to be read as before, only after the dot 17 


full ſtop (.) ) as the parts decreaſeth in the fame pro- 1 
Porto 


= or ARITHMETIC. 37 
6 Þrtion of whole numbers. Therefore toi expreis 
em in words, is to begin on the right hand, aud 


ds, ad to the left, thus; three hundred and twenty- 
lin ee millions, three hundred and twenty, one thou- 
ou od, three hundred and two tenth parts of one 
ur Whole number. This method of expreſſing parts 
ty. a number is called decimals, or decimal fracti- 
0. _ s, a —_ more hereafter. P42 OV TD! 1 ien, 
WY | „tn. ogy 0 216. 4/2 wilds 2 u 
. ble „ te n ML bu Ir ar ln ind, 
ou. 6: In this ſyſtem of notation, I have taſed the 
ge Wiiracer o in a different method from Whar is 
I cmon, by putting it firſt in order; which is 
and tural, from our ideas of number, to firſt confider 
700 | e. and then 1, 2, 3, & c. 
toll And alſo as it is a proper 'marle of place, with- 
e Wt increaſe, it naturally ſhews the numera Ty or- 
= F without the ſame ; by which means a "I&rner 
ron y have a clearer idea of the adopted increaſe 
ten 4 the places, better than if the figures were 
0 in them; and indeed à table would be better 
den ned without the figures than with them. Thus 
"i % 4 d, and get them by place, after which the fl- 


es may de put in their” b places, a8 L 


To fe laid down above. n n 
ban nd as ſix byphers; or 660,000; give us the 
20 f Jof a name, and the firſt of the next fix brings 
2 00 he new name, and ſo on, it would not be amils, 


5 ifs the top of each ſix figures from the right, the 
the 6. Pre 6 was placed; whichbwould ſhew':us th 

f. wy ee. of the new name more readily; and*whethe 

II 52 names of millions, billions; &c. is to be uſed, 
b 0 millions of millions, millions of millions of 
on lions, &c. &c. I ſay; which ever be uſed, 
0 have the plaee ſhewn us where to put each 
t ce in. Thus by marking and placing the 
pf L Ire thas, " ac above millions, &e. * 25 
uo a 93 "4:43 
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in words ne RY apart have 


52 _— c idea 
| 992 0 
proc in words at once. The rx 


dens under tens, me under bundrads, 604 
an Feen dhe 


120341 


„ 4+ 5» &c. for each ſort of names riſe as te I 
igures do, 4 mm 1 e in this form would. J 


— - > "= G 5 3 25 "EA 4 6 1 
$56,600; 588,888, 58088; 8887800; 050,000; 00e 


So that here the figures I, 2, 3, 4, 5 dt. 1 
would give the number of (ofs), or the wor!“ 
millions, billions, trillions, &c. and the laſt “ Y 
So a. mark, would be for the thouſand, 2 

+; 8 per 2 3 __ thus mud 
for th who oe ing number 1 


$0 any pne, bur for curighty. = 4 
Of Addition of Wnor x Nows ens. "i 


1 118 is ix the firſt rule of arighmetic, nll 4 4 
1 twenty, after h 

the notation. And it iss 3 
WP, or tell the Was total of any number 


f figures ; ſuch as 634567, 120341, e [ 
649219, ig one row, that they may be ei 1 
row under another, and to place units under ub 1 


x6 F 1 
5 4th. h 3d. 2d. Iſt. 
634567. 3401678 43122 


491467 425 0 
8 e 1 
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— waoLE NUMBER S. . 39 
begin wich the firſt example (taken down on à 
ui. Aare or a piece of paper) an the right at units, 
| f 1 and ſay o and 3 is three, and © is three, and 6 is 
nine; which ſet down. Begin at the ſecond the 
IT fame way, ard fa 1 und 2 is three, and i is four; 
the line you have been àdding up; and ſo go on 
co the next, adding them up, and ſetting down 
as before. To make yourſelf a number of exam 
I ples of this fort, place the rows higher or lower, 
vis. put the ſecond at top, then the third and 
fourth; and by varying them; you may make. 
WFrwenty-four ſuchs out of theſe four rows ; the ſum 
I cotals of which will be the ſame, viz. 9999. After 
ou have practiſed on the firſt; go to the ſecohd, 
and begin at units as before, and ſay J and 1 is 
our, and z is nine, and 2 is eleven . Now from 
he notation, 10 units make i of the nęxt place, 
r to; therefore, fot every ten in the uns place 
carry i to the tens place, which in this caſe is 1 ten 
o carry, and t to ſet down under its own plate, as 
n che firſt example; that is, fer down t and carry 
„„ then, ſay r that carry to 2 is three, and i is 
or, and 4 is eight, and 2 is ten; which makes 
W ve of the next row, and o to be ſet down. : Bo 
N = arry I. to 4 IS. hive, | and 0 18 five, and : : 1s 
"—Pghr, and 1 is nine, which ſet down, ahd 
"2 £0 on to the end. Then go to the next 
example, and for every ten that is in one 


l 
r 
=_—_— 
1 3 . 


ace carry 1 to the next, for 2 tens carry 2, 3 
_ 0 7 ; | 1 


t would be bel in ſums above ten, as from eleven to 
Pneteen, to add the intermediate figures, as if you were only 
ding to ten, and keeping the tens in mind., Thus, the ſum 
f theſe, 6, 8, 9, 4, 9, 8, „5. Gand 818 14 (kee ten 
mind) 4 and 9 is 13 (2 teil in mind) 3 and 4 is 7, and g 

16 (3 tens in find) 6 and 6˙ĩs 2 (4 r - ahd 


7 is 9, and 5 1514 (5 tens immind) and 4 i 5%½%/%n © 
: 2 r DI” — . PN I II tens 
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40 SUBTRACTION'OF 
tens 3, &c. And alſo if any tens remain after 
the operation is over, then they muſt be ſet down 


after the other figures. Though there is much 
parade about the proof in addition, the laſt reſult 


of, all men is, to a careful examination, or begin- 


ning at top inſtead of the bottom, and if the 
ſum come out the lame, bow up and down, then 
it is right, «< . 


0 SvnrRACrION of WroLs Nouszns. 


8. HIS is the ſecond. _ of arithmetic, 

' which is to take or find the difference of 
two numbers, by taking the leſs from the greater, 
and what remains 1s the difference; they mult be 


ſet as in addition, units under units, &c. 


-- 14th... 3d. - 1 1ſt, 
thus 34789 — 6784 — 6749 — 3456 greater 
1 3 3414 — 2354 leſſer 


| Beg with the firſt, nd . 4 from 6 remains 
2, 5 from 5 remains o, 3 from 4 remains 1, 2 


from 3 remains 1, and fo on; leaving the word 


remains, and ſetting down che remainders as you 


expreſs them. 


In the above cxamples, the digits, or any of | 
the ten characters in the leſſer number, are leſs | 


than thoſe above, from which they are to be taken; 


ſo that the ſubtraction is performed by taking 


the leſs from the greater. But it often happens, 


that the leſs number has bigger digits; then you 
mult take one from the next figure to the left, 
which, when put to * figure you are to make 

| your 
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WHOLE NUMBERS. 47 
your ſubtraction from, will make it ten more (as 
being one of the left hand place) then you muſt 


take the digit of your leſſer number from this 


new number, and ſet down the remainder. But 
as you took one from the upper figure, ſo it muſt 
be one leſs when you make your ſubtraction 
from a, munen n ann 0 
Ei A u en 
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4th. „ ad... a. 3 


i 7 


61000 — 601964 — 98743 — 64784 greater 
349999 — 199472 — 36986— 43996 leſſer 
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Begin at the firſt, and ſay, 6 from 4 J cannot, but 
6 from one of the next left figure, and 4 together, 
there remains 8, which ſet down. Then ſay, 9 
from 8 leſs 1 (viz. 7) and one of the next left fi- 

ure with it (viz. 17) is 8. Then ſay again, 9 
Pom 17, leſs 1; is 7; alſo 3 from 4, leſs 1, is o, 
and 4 from 6 is 2. But more ready thus, in the 
ſecond example; 6 from 13 is 7, 8 from 14, leſs 
I, is 5; 9 from 17, leſs 1, is 7; 6 from 8, leſs 
1, is 1; 3 from 9 is 6. This is much more ra- 


by. y * b 123.2 0... Of } »; © + 1 4 a + ods 
tional than borrowing and carrying, as it carries 


the demonſtration along with it. For if you 
ſearch for the reaſon of the common method, it 
will be found a round-about contrivance ; it is 
founded upon this known truth, that if any two 
numbers be increaſed by an equal addition, their 
difference will be the ſame as it was before that ad- 
, Yes es 
As the difference between 3 and 4 is 1, if any 
number, as 1 or 2, &c. be added to each, their 
| n dne 
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42 MULTIPLICATION OF 
difference will be the ſame, . viz, 4 from 5, or 5 


from 6, the difference is J. 
Hence, if 10 be added to the top line, for the 
Ake of increaſing the digit, which is too little, 
then the ſame number muſt be put to the under 
one, in order to preſerve, the true difference. I 
know, to thoſe who have been taught any common 
method, the maſt rational way ef doing a thing is 
of no weight; but to thoſe, who perhaps have 
had no inſtruction but their own reaſon, every fule 
muſt appear in its imple naked dreſs, or it would 
not be at all by them. ; 2 

The proof of ſubtraction is to add the remain- 
der to the leſſer number; and if the ſum be the 
fame as the greater, the work is right done; if 


not the fame, it is wrong. 
"Of Morrieiicarion of Wnol x Nomnzrs, 
* ” + 6% . 


Els is the third rule of arithmetic, and 
1 is only a repetition of the rule of ad- 
_ Eition.' For as in addition you can tell any num- 
ber, from the number of times that it is ſet down, 
© in this rule it is only tellitig the fame number all 
at once, from a fore- knowledge of a table, which is 
called the Multiplication table, and which inuft be 
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WHOLE NUMBERS. 
MvLTIPLICaTION TABLE. 
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' multiplier, 
being got perfect, then begin on 3 times 3, &c. 
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To get this table off from a bare repetition of 
it, is to truſt to memory alone; therefore, from an 
inſpection of the table, from the firſt part, 2 times 
2 18, or makes 4, &c. to 12 times 12 is, or makes 

144; it is evident, that every new product is made 


from the addition of the multiplier to the laſt pro- 


duct. Now to get it off, is beſt to do it 
by reaſon, and not by looking on the book at all. 
By addition thus; in your. head you may eaſily 
know, that 2 times 2 is 4; then if you did not 
know what a times 3 is, you may know, by conſi- 
dering that the table is made by the addition of 


the multiphier to the laſt product, the multiplier 


in this caſe is 2, and the laſt product is 4; ſo that 
to know what 2 times 3 is, is only to add 2 to 4, 
which makes 6; and adding: 2 to 6, makes 8 for: 
the next product; and ſo on till you come to 24. 
Let this be well got before you attempt the next 


« 


3 times 3, &. The 2 times 2, &c. 


the ſecond part; if you could not tell what 3 
times 3 is, you may recollect that in the firſt part, 
twice 3 was 6, and 3 times 3 is only 3 added to 6, 


therefore it muſt be 9 and 3 times 4 will be 3 


more added to the laſt product; and ſo on to 36. 


After the fame manner you may get the whole of 


the table, and further than 12 if you pleaſe; for 
when you kpow that 9 times 12 is 108, then g 
times 13 is Only 9 more, or 117; and 9 times 14, 
being .mare than the laſt product, it will be 126. 
It is. by this. method, that the noted multipliers of 
one number by another, in one line at one opera- 
tion, have their reſource of remembrance, that ſome 
of them can multiply half way, and leave the ſame 
half done, till another opportunity, andbegin again 
with a certainty of what they were to carry. Thus, 
ſuppoſe it was required to multiply 16296 by 1613, 
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in one line, they may be placed as common, but 


by memory. Firſt, 13 times 6 is 72 and 6, or 
78; 8 and go 7. Now, 13 times 9 is 12 times 


9, or 108 and 9, which is 117, and 7 carried 
makes 124; 4 and go 12, to 13 times 2 is 38. 
Now the product of 16 muſt come in, by ſaying 


16 times 6 is 96, to which add 38, gives 134; 4 
and go 13, to 13 times 6, and 16 times'g, and ſo 
on to the end. Though this be of uſe for curioſi- 
ty, ir is not for buſineſs,” as very few would care 
to truſt to memory upon ſuch occaſions. — 
But when the figures are few, it is very well to 
practiſe upon the metnod, in order to diſpatch. 
Such as 36 times 20, 200, &c. with cyphers; 
as they may readily be done by the head, without 
pen and paper. For 36 times 20 is 2 times 10 times 
36, or 12 times 3 times 20; juſt as the arithme- 
tician pleaſes. By much exerciſe in this method, 


and a reverſe operation or diviſion, ' every one 


comes at what is called the rules of practice, with 


which treatiſes are ſwelled to no manner of pur- 


poſe. My name-ſake, Edward Hatton, has gi- 
ven us no leſs than 149 rules at leaſt, all of which, 


and many more, may be underſtood or invented, 
by practiſing upon the table in the manner above- 


noticed. 5 | 

By this method of getting the table, you will 
have it better by rote, than if you attempted it 
by the method of repetition ; alſo you will upon 
any emergency have a ſure ground that you are 


right. For ſuppoſe you did not know any 
product, then by running the table up and down, 


till you gome at one you do know, and by adding 
as before taught, you will come at the knowledge 
of the one deſired; and therefore, will have re- 


courſe to the table at pleaſure. By this means, 


any one of an ordinary capacity, may have it off 


in one day or leſs. | 
b | To 


46 MULTIPLICATION OF. 'J 
To apply this to practice, let any number be 
Propoſed to be multiplied, as 3694 by 4; then 
le muſt be placed as im the example: ; 
5 2/6 . ꝙt- 

- The number 3694 is called the multiplicand, and 
the number 4 is the multiplier, or multiplicator. 
. To multiply this number by 4, is the ſame as to 
add it together hen it is fey down four times, as 
in the example 1 5 1 
3694 n 


3 . 
3994 | 
| 309+ 
It is evident, that there are as many times the 
number, as there are units in the figure 4; there- 
fore multiplication is only addition, done by one 
row of figures. Alſo, multiplication muſt. be 
done by the ſame rule of carrying the tens as Was 
obſerved . in addition: : ee UT 
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Now to multiply the number before propoſedi - 

ſay 4 times 4 is 16; ſet down 6, and carry 1 to 

4 times 9, which is 36, and 1 that I carry is 37 

5 ſet down 7, and carry 3 to 4 times 6, which is 24. 
and 3 that I carry will be 273 ſet down 7, and. 
carry 2 to 4 times 3, which is 125 and 2 that I catry 
is 14; Which ſet down as in addition. This laſt 
number is called the product, becauſe mon 
| om 
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rem che-mubiphing of the mulkiplicand by the 
EE mubiplier. r. : 

= 14 variety of queſtions, put all the digits 
from 2 to q, both included, in the place of 4, to 
the multiplicand 3694, and you will have prac- 
tice enough for all the nine digits in units place 
of the multiplier. - 

= To multiply by 10; it is plain that o times 
che multiplicand is nothing, and that 1 time the 
"EE muttiplicaad is only it once reyeated'; therefore 
to. multiply any number by. 10, is only to. put a 
e ypher after it, thus, | 


3694 | : f 
10, 

56ͤ _———— | 

36949, 

And ſo of any of the digits with cyphers after 

them. For if it was propoſed to multiply 20000 

by 1999, though 20000 he the greater number, 

yet change the factors, and. multiply 1999 by 

20000, thus | 

= 3 19 | 
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As all the figures after 2 are only local, they have. 
x — 2 do in altering the digits of the multi- 
I plicand. To multiply. by 12 in one line, it muſt 
e placed as one digit, thus, 
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Or it makes no difference, if it was placed other- 
wile, ſince it muſt be multiplied in one line of fi- 


gures; as in the example, thus, 


3694 
5 . 
44328 


Say 12 times 4 is 48, 8 and go 4; 12 times 9 is 
108, and 4 that I carry is 112, 2 and go 11; 12 


times 6 is 72, and 11 that I carry is 83, 3 and 
go 8, to 12 times 3, &c. &c. 

To multiply by any higher number of more di- 
gits, place the digits of the multiplier under thoſe 
of the multiplicand; units under units, and tens 
under tens, &c. as in the example. 


1 multiply 3694 
eb 85 


18470 5 
r 
11082 : 
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1348310 
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Firſt multiply by 5, as has been taught ; then by 
6, placing the units of the product under it, as in 
the example; and ſaying 6 times 4 is 24, &c. 
Then by 3, ſaying: 3 times 4 is 12, &c. and 
placing its units under itſelf, Then add all the 
three lines up, which will be the 
two factors 3694 and 365, 5 
The reaſon why the units of each digit are ſet 
under it is, that though we ſay croſsways, 6 times 
4 is 24, and only mention it as 24 units, it muſt 
be conſidered, that the 6 ſtands in the tens place; 
1 therefore 
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erefore is 60, fo that what we call in this caſe 
is 240 and 40 which we ſet down, is the ſame 


$$ mber of units to 60, as 4 would be to 6; there- 
re they are properly units to that figure under 


Nich they are ſet; the, ſame may be argued 
m figure 3, in the place of hundreds in this 
ample. 


Of Division of WROoLR NuMBERs, 


HIS is the fourth rule of arithmetic, 
and is the reverſe of the laſt, therefore 


© Ax 3 8 g 
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at the laſt was. In particular, as multiplication 
ad diviſion are the reverſe. of each other, I have 
a nothing about the proof of it; for while 


Warn the latter. Diviſion is the rule of divid- 


nd, into as many parts as there are units in the 
q rviſor, the number to divide it by, and how oft 
comes out, is called the quotient. Let the pro- 


gd let 4 be the diviſor; then ſay, the 4's in 14 
» oft, by gueſſing will be found 3 times; 
ich ſet down under 4, there being 2 over, it 
t be called 2 tens or 20; and put to the next, 
ure 7, will be 27 for the dividend of the. next 
gore of the quotient. Then ſay, how oft 4 in 27, 
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ere being 3 over, or 3 tens of the next figure 7, 


2 e new dividend of the next figure of the quotient 
ill be 37, fay as before, how oft 4 in 37; which 
et figure 7, and there being 1 over, is 10 of 


the 
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auſtt be wrought by reverſe rules, and operations 


u are learning to prove the former, you may 


Do any number given, which is called the divi- 


4614776 from (9) be propoſed as a dividend, 


Which is 6 times, to be ſet down under the 7; and 


in be 9 times, this being ſet down under the 


ee laſt figure 6. But this is the laſt dividend, for - 
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4 times without any remainder. Now the whole 


the diviſor 


gueſſing how oft 24 is in the firſt pair 87, then 


the laſt Ggure in the quotient, which will be foung 
quotient will be 3694, which proves that this 
number was right multiplied in (9). See the work, 
| diviſor. dividend, | 3 
4014776 Y 


cyphers from both, 


The 3 is the method of dividing, when 
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of the dividend, as in this example: firſt, by 
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ſetting. the- firſt figure 3 of the quotient; in-its al 
place, you ſay, 3 times 24 is 72; which ſet-down, 
and ſubtract it from 87, leaves 15, to = 
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ich, bring down the figure 3, will make 
gs. Then fee how oft 24 in 153; it will be 
und 6 times; multiply it as before into 24, ſet 
on the product 144 under 153, and there will 
ne a remainder of , to which bring down 6, pro- 
ed as before, and ſubtract, 3 work will be 
"I ne. After the above method is familiarized, it 
old be better to do it ſubtracting, as you multi- 
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In proving queſtions in diviſion, where there is any 4 


144; and 5 the remainder added, is 149 the di} 
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If after the diviſion is ended, you have ſome © 
part or parts over, which is called a remainder; © 1 q 
it mult be ſet after the quotient, T hus, 4 

12)149 
12 2 5 
where the number 12 2 is the quotient, which 1 
ſhews that ſome number has been divided by 12, 
and that there remained 53; ſo that to divide it far. 
ther can be done only by character, thus . 
Hence comes fractions, of which more hereafter. 


remainder as in the laſt; after you have multipl. 
ed the quotient and diviſor together, you muſt Y 
add the remainder to their product for the dividend 1 
firſt given. As in this queſtion, 12 times 12 | 1 
8 

vidend. From the above character of diviſion, ö 1 
commonly expreſſed farthings, thus, 4, 2, , 
which ſhews that one penny, we ſuppoſe divided 
into 4 parts, and the number above the line 3 
called the numerator ; becauſe it ſhews the Pars, 


of the whole number, and the number under ii 


denominates, or ſhews into how many parts the 
whole is divided. 1 


ILLUSTRATIONS and EXAMPLES in MuLTieLics 
TION and Division, "of 

11. It may be expected to have the foregoing 
rules applied to trade and buſineſs; but that 
not to our purpoſe; it may be worth while b.. 
ever to obſerve, chat if the learner has his muli- 
plication table perfect, it will ſave him the trovi 
ble of getting other tables off, ſuch as the pen] 
table, &c. For if any one knows that 5 times 1 
is 60, and that one ſhilling is 12 pence, then i | x 
need not get a table off, to tell him that 60 pencil 


is 3 — But as it is of great uſe in culcv 9 
ig 3 


**  MoLTIPLiCcaTION and Divisions 53 


Mating of trains, to have a ready uſe of multiply- 
cg by factors, or the reverſe of breaking a num- 
er given into factors, it may be neceſſary to ſay 
lte upon that head. Any number that can be 
ropoſed, may be ſaid to be produced from ſome 
umber of factors, or numbers; which when mul 
lied, will produce the number. given. Thus 
2 is produced from the factors 3 and 4 3 or from 
= J, 3, 2, and 2; for it ĩs produced from 3 times 4, 
io from 3 times 1, into 2 times 2, &c. but when 
number is prime, or is commenſurate to unity 
ly, then the factors are unity, and the number 
ien. Thus 13 has no factors but 1 and 13, that 
an be found in whole numbers. | 
12. Examples of this ſort of queſtions are nu- 
. ZSS$S$crous, but ſuch as follow will be ſufficient for 
or purpoſe. Firſt, how many minutes are in 30 
„ours; the factors in common are to multiply 60 
y 30, which gives 1800; but through the train 
r a piece, ſuppoſe of a watch; is how many mi- 
" Dutes are in 7 + turns of the fuſee, or the whole 
f the winding up. As the centre wheel, which 
ess the hours, goes round 4 times for the fuſee 
nce; then the factors will be 72, 4, and 60; 
hich muſt be the ſame as above, ſince 7+ times 
is 30. How many beats of a common watch 
„e in one hour; as the beats of a common 
Watch are 4, of ſtrokes in one fecond, the com- 
on factors are 60, 60, and 4; or the laſt as a 
ecimal 4, 8, which, when multiplied, gives 17280. 
ut through the train the factors are for the third 
heel 9, contrate wheel 8, and balance wheel 8, 
' the balance wheel 15 teeth, and pallets 2: all of 
hich being multiplied together, will give the 
ame as above in the common way, ' _ | 
—_— Alſo if it was required to know how many beats 
Leere in zo hours, the factors would be as the laſt, 
17 E 3 Ok... 
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with 4 and 7 2; or the whole, when multiplied br 


characters, will be 4x74 Xx9x8X8X15X2,þ 1 ; | 


ſee ( 19) 5 in fractions. 


If it be required to tell how many ſecdnds are 
in one turn of the barrel of an 8 day piece; or, 
which is the fame thing; in the length of the gu 
that goes round it; the factors are two for th: nn: 


paler 30 for the ſwing or crown-wheel, 77 


for its pinion, 8 for the third pinion, and 12 
for the centre pinion; or in characters thus Wn 
22 X 8X7: * 30 * 2. If the barrel be 12 inci 
in diameter, then the circumference will be 4; 
1o that there will be 43200 feconds in one turn, WA 


or in 4 4 inches of the gut. 1 
Let it be required to find how many beats ar: 
in the common height of an 8 day piece. The 
common height is about 6 foot, when allowance 
are made for the weight, &c. therefore the Heigl 4 
in inches is 72, Which divided by 4 2, the 
length of one turn of the barrel, gives 16 for the 
number of turns; therefore the factors will be 
2X30X73X8X12X16, r give 
us 691200. 

But it is plain, that as each turn of the barrel, 
or its length, is equal to 12 hours, the whole 
will give only half of the time defined: by it; 
the e, that the time may « your height, 
the laſt nuinber 2 * bag for the beats in 

8 8, or the length of the gut, according to 
8 laid N in the Fend. * 
From this queſtion, we may obſerve the con- 
nections between time and ſpace; and that, -after 
we have determined the ſpace requiſite for ſome 
certain portion of time, then we may multiply the 
ſpace found for the multiplication of the time. 
* after we have found the ſpace for g mw 5 


Mor rIIcATIOW and Division. 35 
as above, we multiply by 2 for 8, by 3 for 12, 


by 4 for 16, &c. 


And a month or year piece would do very well, 
if executed with accuracy, with an 8 day train; 
vy only multiplying the ſpace in the form of a 

Jack. Thus, or a month piece, the multiphed 
W ſpace would be 4 x 7 for a year piece, the ſpace 
would be 4 X91 4. Allo to find the beats of any 


one of the above pieces in the conditions and 
forms laid down as above, is only to multiply the 
beats in 4 days, by the number you multiply the 
ſpace by. Thus for a month piece, the beats will 
be 691200 x 72; and for a year piece, they are 
69οοõο x9 1 5, and fo of any other. 


- 


Hence we ſee, that the multiply: 


all the 3 


£ 


= mediate parts of trains together, give us the 


W whole trains or laſt quantity of time propoſed ; 
and as this is the caſe of all compound numbers, 


factors of them; and the application of multipli- 
aation to find the laſt quantity of time by the fac- 
ors of its intermediate parts, is the firſt uſe of 
that rule in calculation; and its reverſe by diviſion 
nay be ſaid to be the application of diviſion to a 
E 4 _ propoſed, to find the factors that produ- 
„„ | | | 
= 13. If any number be propoſed, divide it by the 
actors you intend it to be compoſed of, till you 
ave no remainder ; but your factors, which will 
ways happen, if the number propoſed. be com- 
renſurable. Thus ſuppoſe 60 be propoſed to be 
role into the factors 3, 4, and g; firſt divide by 
ay one of them, ſuppoſe 3, which gives 20; this 
ivide by either of the others, ſuppoſe 4, leaves 
the other 5, mo 5 
14. Now let the train of any piece be propoſed, 
17280; to be put imp the factors of which 
: | 4 it 


therefore the intermediate parts of trains are the 


8 = 
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\ = ü — — — 
r rr gl 


F ROT OT WT TOOL; 


1 


. 36 ILLUSTRATIONS, &c. IN 1 
it is compoſed : divide it by 2, then by 15, « Yi 
which is the ſame by 2 & 13, or 30; leaves 376 
for the other factors. Suppoſe the others to be 
8, 8, and 9; which breaks the number without: 
remainder: its factors being 2 Xx 15 * 8 x 8 x9; 
which, when multiplied, will produce the number 
given. Let the ſame number 17280 be divided 
by 2, which gives 8640; ſuppoſe your balance. 
| wheel was 9, then 8640 will be divided into 90 
f for three factors, which are 12, 10, and 8; a0 
1 which would be a good train for a flat watch, the 
whole factors are 12X10X8X9 x2. Again 
this, or any number propoſed, may be divided in Wn 
to any other number of factors as the laſt was; 
4 . where 12 may be put into 3 and 4 ; 10 into ; an 
\ 23 or8 into 4 and 2; which, when multiplied, wil 
anſwer the ſame as if the number was produce! 
from three factors. Thus 3 x 4x 5X 2 X4X 2 X9 x1 
| is the ſame of the above in 3 with the 9 x 2, ti: 
] 5 fame in both. ng. 0 © | 
9 The breaking a number into ſmall factors, will 
be of uſe for the forming of trains for . ſmall 
watches, EEG N 5 


| 15. Let the number 18,000, be propoſed to H 
k | broke into factors of various forts; firſt into 2 x1; 
; and 600 ; which laſt number muſt be broke ini 
three more for common uſe ; firſt, 600 divided by 
leaves 735, this divided by g gives 84; ſo the fatto 
are 2 X 15X9 x8 x 85; which, if multiplied, poli 
duces the number given. It may be eaſily cl 
that 600 will admit of whole numbers for factor 
ſuch as 10 X 10 X. 6 I leave all the other facto 
of 18,000 to the learner to practice on, as it 154 
commenſurable number, he may have as many {Mi 
as he pleaſes. | 
16, The numhers that I have propoſed, and ti 
factors for them to be broke into, are moſtly -_ 4 
| Fe meniuwml 
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menſurable to each other; but it often happens, 
that the deſigned factors are not parts of the given 
number; then there is a difficulty in breaking it 
into the propoſed parts; but they ſeldom come 
out ſo broken, that ſome of the propoſed factors 
will not meaſure it, if ſo, meaſure it by them, 
and leave the unmeaſurable factor to be the laſt. 
Thus, if we would break the number 576 into 10, 


8, and 7; firſt divide by 8 quotes 72, this divided 
by 10 gives 7-2; for the other factor inſtead of 7. 


How to manage ſuch broken numbers, the learner 
vill be better able after we have ſaid a little on frac- 
tions, &c. | = | 
17. As a uſeful queſtion in diviſion, I will add 
the following, viz. any number being given on a 
dividing plate, to know what numbers may be 


* 


cut by it. If you have any number propoſed to 


be cut by your engine, divide the numbers on it 
by the number wanted to be cut, till you find it 
divide without a remainder, then the quotient will 
be the ſub- diviſion; or what you muſt ſhift at 
every tooth you cut. Thus ſuppoſe you wanted 


to cut 21 by your engine, and you had 122, 109, 


and 126 on it; firſt, 122 won't divide by 21, but 
105 is divided by 21, and quotes 5 ; which ſhews, 
that if you want to cut 21, you may do it by 105, 
and ſkipping 5 at every tooth; alſo it may be 
done by 126, by ſhifting 6 diviſions at once, and 
ſo of any others. | „ Rt 

And alſo to know what numbers you may cut 
by a given number, divide the number given, by 
all the numbers you think will divide it, and the 
numbers you divide by, with thoſe that they 


gave, will be the numbers you may cut by your 


given number. Thus 48 may be divided by 2 and 
3, and they quote 24, 12, 6, 3, alſo 16, and others 
belides theſe 3 all which numbers may be cut by 
ee 3 
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| long as you can; or a product formed from wy 


Theſe four may be called original numbers, be- 


viz. by taking 2, 3, or 5j times the laſt ; thus, 
2 6 12, 2X10 = 20, &c. and 3X6 = 18, 


other diviſors, t Il you come to the ſame which 


formed your diviſors high enough, becauſe every 


48. But to know what numbers to divide by, and 
alſo-not to make the ſame diviſion twice over, is 
not ſo eaſy a matter to come at; however, I will 
add a few obſervations for the fake of the learner, 
Firft, you need only divide by 2, 3, 5, and 7, as 


two, three, or four of them multiphed together. 


cauſe. they are formed from no others: thus to di- 
vide by 2 twice, is the ſame as to divide by 4; 
and to divide the ſame number by 8, is the ſame 
as dividing it by 2 three times; becauſe 4 and 8 
are produced from 2, the firſt being the ſquare of 
2, and the other its cube. Thus 360 divided by 
2 twice, quotes firſt 180 and go; now if 360 be 
divided by 4, it quotes go at once; alſo if the 
ſame number be divided by 8 it quotes 45, the 
fame as if 360 had been divided by 2 three times; 
the ſame may be ſaid of the numbers 3. 5, and 7, 
Now let it be required to find the diviſors of 36o, 
they are firſt from 2, 280, 90, 45; from 3, 120, 
40; from 5, 223 from 7 none. As 7 won't divide, 
no number formed from itwell ; therefore find all 
the numbers formed from any two of the reſt, 
and all three of them; which are 2X3 = 6, 
2X5 =10, and2X3X5=30, 3X5=155 
now we have 3 other diviſors to divide 360 by; 
which give us from 6, 60, and 10; from 10, 36.; 
„„ c 
Again, we have room to form other diviſors, 


Wc. 3 X* 18 45. 5 2 at ; 
When 360 is divided by theſe, it will give us 
you had before; then you may be ſure you have 


quotient 


— 


= Mur rirzicarro a Divizon. $9 
_ quotient will give the ſame number you divide 


Beem hence it may be obſerved, how impru- 
dent it is for any one to imagine, he can form a 
number that ſhall be deviſable by all numbers from 
unity to the number propoſed, in order to put the 
ſame on a dividing plate; for as every number 
is only deviſable by the numbers of which it is 
compoſed ; conſequently {ach a univerfal number 
muſt be compaſed of all numbers, from unity to 
itſelf, to anſwer the purpoſe of it; . FRAY 
one multiply as far as the nine digits only, he will 


find a number too high to be put on a dividing 


plate of any 1 ſize. As I ſhall ſpeak of 
an engine made on ſuch a plan, I will deliver my 
thoughts how far ſuch a thing is poſſtble, from a 
mechanical contrivance. | l 
18. As we ſhall have frequent occaſion to uſe 
the following weights, E &c. it is indff- 
penſibly neceſſary to add a few queſtions on each, 
with ſome uſeful obfervations upon them. 
EEENPLE Ek 
In troy weight, 24 grains make 1 pennyweight, 
20 pennywejght make 1.02. and a2 QuACES 
pound; therefore. the factors for this weight are 
24, 20, and 12; conſequently to find the parts 
contained in one whole, we muſt imultiply, by-2* 
20, and 12; and to find the number of wholes in 
the parts, we muſt divide by the ſame numbers. 
The ſame may be faid of the intermediate parts. 
In 20dwt. how many grains? Anſwer, 24 X 20 
= 480. Here the factor is 24, ſo the reverſe 
will prove it, for in 480 grains there are 20:dwt.: 
In 41 pennyweights 16 grains, how many of 
the latter? As before, the factor is 24 for 4, 


. 
> © 94s 


which gives 24 41 984. To which add 16, 


gives the anſwer equal to 1000 grains. 


In 
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Inu 6 02. 1 3 dwt. 1 T7 gr. how many grains? As | 
in the laſt, the factor or grains 1s 24, and for the 
pennyweights it is 263 therefore the 6 ounces Ml 
NT. be multiplied. by 20, and to their produck 
muſt be added; aſſo their ſum muſt be multi- 
pied by the other factor 24, and to the product, 
1 19 grains added nn = anſwer, Yann an is 3192 
_ -- 
"In'161b. 12 02. 1Adwt. ger. how many grains? 
The factors for this queſtion are 12, 20, and 24, 
and the remainders added give the anſwer. It is 
moſt uſualt to work fuch queſtions in this form, 


. Y 8 — 
ö 3 8 
S 
1 . b 

LY 5 ou * 


N . W BY ; | 2 211 s Ib. 5 175 | "dw. - gr. 
. 1 4 9 
Multiply by the fiſt factor 1 


i + to which add 2595 — 11 02. 
4 no 203 5 
this > mathe by 20 
| ; 
ey NE Ne rape 5 14 det 
= | this multiplied bß 24 
5 x £3. SONY VS. 1 ef! Sino Bhs Foes: "+4 ' 
eee 9:12 yd s 
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we have F 97785 for the anſwer, 


11 
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When any quantity of the weight is given with- 
out any remainders, then it may be as well to mul- 
tiply by the compound factor of the given quan- 
tity at once. Thus 20 Xx 24, or 480, will be the 
factor from grains to ounces; and 12 X 20 * 24 
will be the factor from grains to pounds. There 
fore to bring pounds to grains, you may multiply 
by 5760; and to bring ounces to grains by 480. 
Thus in 40 ounces, how many grains? Anſwer, 
480 X 40 19200. e 1 0 
The reverſe of the laſt, viz. in grains, how 
many penny weights, ounces, pounds, &c. is per- 
formed by reverſe operations, that is, by divid- 
ing by the factor or factors of the queſtion. Thus 
in 19200 grains, how many ounces; either divide 
by 24 and 20, or by 480 at once; in either caſe, 
the anſwer will come out 40; and which proves 
the laſt queſtion to'beright. | | 


EN Au 5-2 I. a 

In avoirdupoiſe weight, 16 drachms make 1 oz. 
16 ounces make 1 1b. and 112 lb. make 1 hundred 
weight; therefore the factors of this weight are 
16, 16, and 112. e 

Any queſtion in this weight is wrought like 
the laſt, by multiplying or dividing by the factor 
of the queſtion, according to whether the propoſi 
tion be made in wholes or parts. 0 | 

Thus in 112 1b. how many drachms ? Anſwer, 
12 X'10X $623 28652: 7 1 eng | 

And in 28672 drachms, how many pounds? 
Anſwer, 28672 + 16 X 16 gives 112 lb. 

As it is often wanted to reduce theſe weights 
from one to the other, I will lay down the follow- 
ing obſervations between them. A 

In avoirdupoiſe weight, the pound contains 16 
ounces, but the ounce is leſs, by near Ar, 2 

the 


12, 3, and 1760. Exam. 


meters by the parts in the ſame; 
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the troy ounce; the latter containing 480 grains, 


and the former only 448. The ounce contains 
16 drachms, 80 ounces avoirdypoiſe are only 
equal to 73 ounces troy ; and 17 pounds troy are 
Equal to 14 pounds avoirdupoiſe. 1 


: E x AMP LE III. 5 
In meaſures for length, 12 inches make 1 foot, 
3 feet make one yard, and 1760 yards make 1 
mile. Hence the factors from inches to miles are 
In 1 mile how many inches? Multiply 1760 by 
12 and 3, or by 36, gives 1760 & 36 63360. 
In a pendulum of 39.2 inches, how many 
tenths? Anſwer, 39.2 X 40 = 392.0. 
Suppoſe I ſhould chuſe a ſector to have its legs 
one half the length of a ſtandard pendulum, then 


we ſhall have 196 tenths of inches in them. 


In calliper drawing, and on the principles 
of finding the addenda, I have expreſſes the dia- 
f the 1a re I will give 

ſome examples to find the real breadths in known 
engths. Our .common ſize, which I have fol- 
lowed, is, when the main wheel's geometrical dia- 
meter contains ſix tenths of an inch. But by the 
expreſſions of its diameter, it is 32 parts; if we 
divide 32 by 6, it will give us the number of parts 
in e of an inch, which is 54. If s be divided 


by 3 it gives us 5 very near; ſo that the 


breadth of a common main wheel tooth is r part 
of an inch. Es 5 
But that we may have a more even meaſure, we 
will ſuppoſe that each tenth is divided into 5 parrs; 
then the parts on the legs of ſuch a ſector "_— 
: | 196 


+288 ever * 
1 9 
. 
; 
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7 | 196 * 4 2 980 So we ſhall have a line of equal 
parts of 980 diviſions; or if 4 tenths more be ta- 


en, then we ſhall have 200 X 5 = 1000, or a 


ne of 1000 parts, correſponding with the length 
of a ſecond's pendulum, with the common mea- 
= ſure, and with the breadths of the teeth in 
= watches. This is a meaſure that ought to be uſed 
vy all the trade, or ſome part of it at leaſt, 


Suppoſe a ſector made as above, what is the ſize 


of a common watch upon it? The main wheel 
contains 8 ſemi-diameters of the centre pinion, and 
tte ſemi· diameter of the plats contains the main 
== wheel, and one half of the pinion, Therefore it 
contains 9 halves of the pinion, or 9 x 4 parts, 
or 36; and the whole plate will be 72 parts, 
=—= which, if it be divided by 30, gives 1.44 inches. 


As we have here a length for one fize, we may 
have the ſize of any other, expreſſed either in the 
para = ng, or in any proportion what- 

by fuch a form, we could always know 
each other's ſize, by expreſſing the parts contained 
in any one part of the piece, or the parts con- 
tained in the plate. jo ns "FR 


ExamMyeLe IV. 
Sixty 'geographical miles make 1 degree, and 
360 degrees make 1 great circle of the globe. 
Therefore the factors from miles to once going 
round the earth are 60 and 360. 
Ho many miles will reach round the globe of 
dhe earthat the equator? Anſ. 360 x 60 = 21600. 


Ex AMF IL E V. ; 
Sixty ſeconds make 1 minute, 60 minutes make 
1 hour, 24 hours make one revolution of the 
earth round its axes. Hence the factors for time 
are 60, 60 and 24. . ; . 
N What 


— 
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What are the ſeconds for one revolution of the 
earth? Anſwer, 24 Xx 60 X 60 = 8640. 

Any of theſe queſtions may be reverfed, by di- 
viding the-parts by the n factors of the 
whole required. 

By the two laſt queſtions we arrive at a very 
uſeful one, viz. at the principles of the longitude; 
for we find the earth goes round once in 24 hours, 
and in that time each meridian deſcribes a circle of 
360 deg. therefore we find the factor for the ſpace 
in 1 hour is 24. as each meridian deſcribes, 
3560 degrees in rs, it muſt deſcribe r part 

of 360 in 1h bberefbre to find the ſpace of 
- x hour, divid 260 by 24 gives 15; and as 15 
degrees is the pace equal to 1 hour, 15 miles 
will be the ſpate equal to 4 minutes of time; ſince 
60 divided by 15, gives that quantity; or if 
the ſpace be wanted equal to the minutes, it will 
be better found thus; as 24 X 60 is the ſeconds of 
time equal to 360 degrees; if 24 X& 60 = 1440, 
be divided by 360, it gives 4; for if 360 degrees 
be deſcribed in 1440 minutes, - Doſe; mult be 
deſcribed in 4 parts of the ſame. | 

Suppoſe a watch on board a ſhip at ſea, differ 
in time from the time by obſervation,” 2 minutes 
and 20 ſeconds, what is the length or longitude of 
the difference? As 4 minutes are equal to 60 miles 
or 1 degree, then 2 minutes will equal 30 miles: 
20 ſeconds is d of 2 minutes; therefore 20 
ſeconds will equal 2s of 30 miles; or it will equal 
2 mile. So the difference in longitude ſhewn by 
the watch is 304 miles. 

Theſe -queſtions were proper for this place, 
though they may be thought too much out of 
the way. 


of 
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Of Vora FRACTIONS: 


AKs it appears by diviſion how fractions 
E come into being, it naturally follows 
s to treat of them as ſoon as convenient. 
= what is delivered the learner will underſtand 
with caſe; I only beg to add ſome conveni- 
ens uſed for abbreviation ſake. ; 
e ſigns are +, —, =, Xx and L; wit 
.. ::, uſed in proportion. 5 
e ſign + ſtands for addition, and the words 
or added to may be uſed for it in reading; 
is 13, 13 + 3 + 1018 26; read thus, 
reis 13, 13 more 3 more 10 is 26, 
ee ſign — is for ſubtraction, and ſhews the 
ence of two numbers; thus 7 — 3 is 4, 
io — 3 is 4; read thus, 7 leſs 3 is 4, 17 
o leſs 3184 ; ſo that this ſign always ſtands 
ie word leſs. ER 
e ſign = ſignifies equality, and is read, is 
co, or that the numbers on one fide are equal 
Woſe on the other. Thus 5 + 4 = 11, alſo 
» 3 1 | 
ee ſign x ſtands for multiplication, and 
Ws, that the numbers between which it ſtands 
be multiplied together; or looked upon as 
ly done. Thus 8'X 7 is 56, or 7 X 12 is 
read thus, 8 times 7 is 56, and 7 times 12 is 
r it may be uſed with the words multiplied by. 
he ſign is uſed to ſhew- that the number or 
bers before it, are divided by thoſe after it. 


— 


78 — 56 + 36 —32 5 573 but this 
ould beuſed in compound numbers only, ſuch 


above; or theſe, 1. + 73 for the com- 
F mon 


W G AR 
mon ſign of diviſion i I as the method of fu 
tions ſhew already treated of. | 
The ſigns of proportion have the words 15 
is, and to, any of which may be uſed to mi 
your reading agreeable. Thus, let the numb 
be expreſſed by: as 4: 12, it reads, that rg 
tity is in the deren of 4 to 12. But if tl 
be expreſſed by : and :: thus, 4 12 7: 
then they are read as 4 18 to 12, ſo is 7 tou 
which means, that the laſt pair are in the ſame i 
portion of the other. But more of this hereai 
20. From the names of the denominator fff 
' nutnerator of a fraction, it is eaſy to gr 
clear idea of any expreſſion under the name d 
fraction; for the etymology of the word df 
minator, names or ſhews into how, many parts 
whole Is divided ; of which the fraction i is a pa 
And the numerator, in 2 mani :1 


lue; for if 41 billings was to be vided | ind 
four parts, each part would be, io; but it 
was to be divided. og: 8 parts, each part vai 
be only half of the bg „ or 55, Here the fi 
tional parts are £ a the latter of which 
Ralf of dige other ; J "erpfore, to divide a fradt 
by any given number, is to multiply the denon 
nator by the number giyen. 

21. As the numerator numbers the parts of ti 
fraction, or gives the number of parts of the 
nominator, of which it is the numerator ; cook 
quently the greater it is, the fraction will be of 
greater quantity. Therefore as oft as the num 
rator is multiplied, ſo oft f is the fraction increaſe 
' , Ll Bu 


FRACTIONS. & 


nut in the laſt article it was proved, that if the 
denominator be multiplied; it decreaſeth the frac- 
jon, as much as the multiplier increaſeth the de- 
nominator. Therefore, to multiply both nume- 
rator and denominator of a fraction by the ſame 
umber, does not alter the fraction in value; 
ince what it is increaſed in the numerator it is de- 
reaſed the ſame in the denominator; and if this 
olds good when they are multiplied, alſo; they 
ill be ſo when divided by the ſame num- 
ber. Upon this ſimple principle, which is pro- 
ed of keeping a fraction always of the ſame va- 
ue, depends all the rules, as they are called, of 
adding, ſubtracting, &c. of fractions. Nor is it 
offible for any one to forget them while he re- 
Wins his reaſon. _ „ 
m 22. Now to add or ſubtract fractions, is only 
bring them to the ſame denomination, and add 
r ſubtract their numerators. But to bring them 
the ſame denomination, is to make them have 
ie ſame denominator. In common numbers, or 
n adition of money, &c. we cannot add things of 
ifferent denominations, till we have reduced 
em to one denomination, or ſet them down by 


wa haracter. Thus in 10s. 6d. when 11. is the inte- 


fuer, to give them actual addition, we muſt bring 
ch eem to the ſame denomination; for 108. is 120d. 
iu hen added to 6 makes 120 + 6 126. 


So the ſame in fractions, 10s. is 2⁊ of a pound, 
nd 6d. is d of the ſame, when added by cha- 
B 1 ES | | 
ter will be = + 233 but they have different 
enominators, viz. 2 and 40. By art. 21..= may 
e multiplied by 20, and preferve the fraction of 
e ſame value; which, when done, the two frac- 

| 55 Fx tions 
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tions will become a6 + = or -” when actuali 1 


added ==. Alſo, if they had been to be fub. 


tracted, their difference would have been thu, iſ 
75 — 7 4. Add and fubtrat theſe 5 +4 


£ MP = 
3 —— 7 72 242 and 


1 TY 

2 12 4 * + " Th An ? F 

of the above may have the common denominatot Wl 
found as the gg given. 5 | 
| It may ſo happen, that when fraction; nl 
are propoſed, and are operated, that they Wn 
may not be in their loweſt terms, or in 
the leaſt numbers to exprefs the fame value; 
then if ſo, they may. be brought to the lea 
by an equal diviſion from article 21. Thu 
VV | 


— = 7F= — ==; or by dividing by 12 at once MW 
36 18 7 n l 8 
us 6 — — 


If fractions, when propoſed, have nt F 
their denominators . meaſurable to each other, i 
as—and = then they cannot be prepared for ac. 
dition and ſubtraction, by the multiplying of one 
fraction only, but muſt both be multiplied by 
ſome number, to make them of the ſame de- 3 
nomination. Various numbers may be found, bu 
the leaſt and beſt are the denominators of each 
fraction, for they will always anſwer, that 5 
multiply equally one fraction by the denominatol 
of the other. Thus, two thirds and three fourth 
_ firſt multiply two thirds by 4, it becomes in chi 
rafters - - 1 Again, three fourths multiplicl 


FRACTIONS * 
[ 4 by 3 is 5 - : theſe, when added, are 


y : —.— 4 4 Tr 221 — = 1 r Though two 


I Hs and three . were proper fractions 
hen added, their numerators become gun 


2 rchan the denominator, and makes the fraction 
4 
L, which is an improper fraction, becauſe i it has 
ny = 

the numerator greater than the denominator ; for 
ito! it contains the denominator once and 5 over; or, 


= when the diviſion is ended, it makes the mixt num- 
ber 1E. If any more than two fractions be pro- 
pPoſed to be wrought, they may have two added, 
Kc. as above taught; and to their ſum add ano- 
ther, till the whole is done; thus if two thirds, 


al WS three fourths, and four fifths be propoſed, firſt 
au 3 _2X4+3X3 42X4+3X3 
63 4 3 & 4 ws 3X 4 
=_ 4 _ 2X4X5+3X3X5+3X4X4 _ 
" ow 3X4X5 


56 ＋ 50 © 60 bo = 275" 
| By an inſpection of the multiplication i in cha- 
racters, we may draw this common rule, viz. 
multiply each numerator into all the denominators 
but its own, for a new numeratos ; and all the 
denominators together for a common denominator 
to them all. Hence, if the learner ſhould chance 
to forget this rule, he knows the way to find it 
out, byonly es * twenty- ga article. 


Work theſe = += firſt, add = + £2 
and from their ſum take one fifth, So of theſe 
8 2 


3 


anf. urs AE T 
EL RC —_ 
4 * 2 * 17 4 ? e chree, and be; 
take one fourth from their ſum. . = 

23. Multiplication of fractions is performed 7 _ 
multiplying the numerators and denominators d 


| 8 * 1 1 
the propoſed fractions; thus 2 X— = 7F* For 


as it appears from art. 20. one fraction is to be in. 
oaks or decreaſed, according to the quantity of 
the multiplier ; but the quantity of the multiplier 
_ Increaſes and (decreaſes as the numerator and de- 
nominator are changed for each other. There. 
fore to multiply a fraction by another, is to keep WM 
the multiplier in the ſame value it is propoſed in, 
If the fraction three eighths was to be multiplied 
by three fifths, it will be g = : 5 25 Let it be 
multiplied by any number; then, by art. 20. the 
numerator multiplied will give the anſwer thus, 
7 2 8 
E 3 = ＋ s and x8 2 =þ 
Any number of fractions, with the particle of be- 
tween them, are multiplied fractions in character, 
and only want the operation performed; which 
are multiplied as all others. Thus a farthing 1s 
one fourth of one twelfth of one twentieth of a 
I I NN 

pound, or ＋ * 12 * 20 = 960 part of a pound. 
Again, the main wheel of a clock goes only once 
round for the centre wheel twelve times, therefore 
one of its turns is only one twelfth of the center 
wheel in the ſame time; and the centre wheel is 


one eighth of the 3d, and the 3d — of the fourth 


or ſwing wheel; therefore, by a compound frac- 
| | | tion 


R ACTION 8. 71 
me main wheel goes round one twelfth of 


eighth of = the 5 wheel's revolutions 
; 2 


in e ſame time; O > —X N N 5 


11 mixt numbers ifs tokiptied by firſt putting 
into an improper fraction, from whence they 
. cee the laſt article) and then multiply them 
actions. 

| Diviſion of fractions, is performed by only 
ting the divicing 2 Is and multiplying 


6 1 2 4 
then to ther. Thus Wes — —it 1s W's 25s Maou s 
= ENF: .:4 33 


= 3% Which rule is eaſily derived from 


.. Firſt in characters find new numerators, 
2 common denominator : J which when done 


FR 
beg * 4 and 


Wminators will . contained in each other 
, for they will both be 12, ſo the fractions 
2X4 3X1 
be 8 
ivides ; then they will be reduced to 2 * +: 
. 1, which put as a common fraction gives 


1 
now it is plain, that the 


But 1 neither multiplies 


; the fractions firſt propoſed only the divi- 


e $ „ More examples are theſe; let 
ö BD 49 Y 5 5 
f 73 = Nn n 
„ 
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ys OF DECIMAL 
Of DzciMAL FRACTIONS: 


25. ROM what was ſaid in the notativ 
[* whole numbers, and about the nat 
decimals in art. 5, or parts of a number dect 
by 10 to the right hand, it will be eaſy for 
one to underſtand the whole of decimals ii 
reaſon, and be able to derive the rules of hin 
As their value begins from the period or (.) WM 
muſt in addition- or ſubtraction be placed i 
it, as if they were whole numbers, but t 
right. Let it be required to add theſe, 6) 
and 4.697 z ler them be placed thus: 


to 67.3496 
add 4.967 

from 72.3166 
take 4.967 


total take one of 


from which ſum 
them, as 5 


67.3496 
remains the firſt, as a proof of the work. 


EXAMPLES in ADDITION. 


409-3067 500. 
012 1 
IT 1 3 
1 1. 
— _————_—_—_ . 333 
1 410.9657 DN — 
—— — 5 ä 504. 405 


FRACTION S. 7 


EXAMPLES in SUBTRACTION, 


from 890% from 6700. 

take 508 take 006 
500.495 6699-9933 

from .5609 from 30.45 

take . 39703 take 67893 
16387 | 29.77107 


Here both addition and ſubtraction are per- 
formed the ſameas in wholenumbers, and beſt done 
together. Let theſe be added, firſt 48. 678.034, 
and . oo6, they will ſtand thus: 


ſum total 726.040 
from which take .006 - 


remains 726.034 


Of MuLTipLicaTiO0N of DECIMAL FRACTIONS: 


26. 22 of decimals is operated the 

ſame as in whole numbers, only differing 
from the period to the right, as whole numbers 
differ from the period to the left. Let it be re- 
quired to multiply 40 by 20 in whole numbers. 


If you only multiply the two digits 4 and 2, it 


will be 8; but as they had a cypher after each of 
them, and each cypher was for 10, to —_ the 
igits 


mens FY - = _ mY = = ** 


1 14 << 6a 


FY 


<_ e 


ee 
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74 OF DECIMAL - 
digits 4 and 2 in their places; therefore they are 1 
put to the end of their product, to keep it in its 2p 
proper place; or make 8 into 800, becauſe ; 
=D X02 200. © | 
Now let the decimals .04 and . o2 be multi- 

plied. In whole numbers the digits only made 8, 

fo here they make 8 too; but their figures of place 

being put before them, they make one place more 

here than in whole numbers, becauſe of the units 

place in whole. numbers not multiplying ; there- 

fore they make 8 into. oo08. Therefore after the 

- multiplication of decimals is over, you mult have 

in the product as many decimals places as there are 
in the multiplicand and multiplier; and if the digits 

do not make up the places, you muſt put cyphers 

before them to make the places up : the fame is 
underſtood in whole numbers, when we ſay you 

muſt put cyphers to the end of the digits. See 
multiplication of whole numbers. ] 7 


Ku 4 * 1 I 


; multiply 36.789 
i by .006_ 
: _ anſwer 220734 
1 this example, | the multiplicand having three 
decimals, and the multiplier. the ſame number, 
there muſt be ſix in the product. * 


| EXAMPLES. 
multiply 7093 by. oog, . og and'.3. 

7 AnsSwWwEeRS 

21.279, 212.79, 2127.9. 


| 


F & abc' TONS. 5s 


Of Division of DEciMALs. 

EIS, like all other diviſions of numbers or 
| parts, being the reverſe, is wrought by re- 
verſe rules. Now in the ſecond-example of mul- 
tiplication, if the product be divided by the mul- 
tiplier, the quotient will come out the multi- 
plicand given. Thus, | 


» 


.006)220. 734 
36.789 


Before it had three decimal places, ſo here it muſt 
have the ſame number; therefore the number is 
36.789, and has three decimal places, and the 
ſame digits it had before, which ſhews it is right; 
and alſo the rules of pricking off the decimals of 
the quotient. Which is, take the difference of 
the decimal places between the dividend and divi- 
ſor, and that will be the number of places to be 
pricked off in the quotient. | 
When it happens that the dividend has leſs 
laces than the diviſor, then the dividend muſt 
ave Cyphers added to it to make it equal to the 
diviſors. Thus let 60 be divided by. 34, the quo- 
tient will be 176; for 176 multiplied by. 34 is 60 
very near. This part of diviſion of decimals 
ſeems at firſt ſight like a paradox; but it muſt be 
conſidered, that to multiply any number by a 
fraction is to decreaſe the number multiplied, as 
the quantity of that fraction is leſs than unity; 
therefore to divide the ſame, muſt be to increaſe 
it in proportion to, the quantity of the fraction; 
conſequently, if any fraction divides a whole num- 
ber, it will increaſe the number reciprocal of it- 
ſelf. So to divide a whole number by a decimal 
fraction, is to add cyphers to the whole number 4 
| | or, 


n * FF 7 
= =o — 


. Sy NT ! 
—— 


2 — = — . _ 
8 ———— OD 


| fame of 760 from the m_ Let 60 +> 4 
9 6723 D000-- :-- . 
. be 60 * 176, from ar- 
ticle 23. | 


mal, it will bring the ſame into ſhillings, Thus, 


thus for the operation .05)346.00{ which, when f 


0 Deinar 
or, which is the ſame thing, to multiply the whole 
number by as many tens as the fraction is to de- 
creaſe it; as will appear from working the deci. 
mal fractions as vulgar ; for the fraction. 34 is the 
34 34 


Ex AMIS. 

Let 678 + .346 and 78 6789. 
ANSWER 8. 

1959 and 2476 


without the remainders. But the learner may 


| propoſe as many queſtions as he pleaſes, and prove 


them back by adding the remainders to them. 

What has been proved about increafing the 
whole number by the quantity of the fraction, 
ſtands good in mixt numbers; or a whole one 
and a fraction; as 67.3 divided by .34, demands 


one cypher being put to the dividend 67.3, or 


makes it 67.30. 


SCHOLIUM. 


From this ſeeming inconſiſtency in diviſion, 
comes the quirk queſtion, in common handed 
about by dabblers in numbers, viz. to reduce 
pounds into ſhillings by diviſion, and the reverſe; 
for one ſhilling is one twentieth of a pound, and 
by the next article its decimal is .05. Now if any 
whole number of pounds be divided by this deci- 


let 346 pounds be for the example, it will ſtand 


done) 


FRACTIONS. 57 


WW acre, will give 6920 ſhillings. Alſo the re- 


yerſe of this muſt be evident. | 

28. What is delivered here on fractions will 
be ſufficient, if read by thoſe who deſire to 
learn; and when this is rightly underſtood, it 


= will be caſy to reduce one fraction to another. 


After diviſion of whole numbers is ended, if 


mere comes a remainder, then it cauſes (as it is 


called) a vulgar fraction. Now to reduce it to a 
decimal, is to continue the diviſion as if it was a 


1 whole number, by adding cyphers to the remain- 


der. Thus let 17 be divided by 3, then the quo- 
tient will be 34; now ſuppoſe the 2 left to be di- 


voided into as many parts as 2 in whole numbers 


would be, if carried to the next place to the right, 


or 20, then the ;'s in 20 is 4 times; fo the true 


quotient is 3.4. If there had been a remainder 
ſtill, then another cypher muſt have been put to 
without end. Confequently, if any fraction is to be 
put into decimals, continue the divifion by adding 
cyphers to the remainder, till you come to have 
no remainder; or have carried it ſo far, that you 


have the value near enough for your purpoſe. 


Ex AMS L Z. 


What is the decimal of three fourths of any 
thing? Put cyphers to 3, &c. thus: 


4030 

| 3 : 

where you found that there was a remainder' after 

the diviſion of 30 by 7, you added another cypher 

to it, and 4 is contained 5 times exactly; therefore 
the decimal is 738. | 5 

If the third wheel of a watch go round 9g times 

for the centre wheel once, and the centre wheel 4 

times for the main wheel once, what part of one 


turn of the third wheel is one turn of the main 


wheel? 


7 0 F DEEeIM ALI 


Fi wheel? Reaſon thus, One turn of the main wheel 

1 is one fourth of the atre wheel, one turn of 
= Eo the centrè wheel is one ninth of the third wheel; 
then, one turn of the main wheel will be ons: 
fourth of one ninth off the main wheel; but one 
fourth · of one ninth is to tale the fourth- part of 
one ninth, or to multiply one ninch by one fourth, 
which is e of one turn of the third: M To 

on into map A. 1 12 | 


| After you had * to one ater; you found 36 
would. not go in 10, by putting another cypher to 
it, it goes 2 times, with a remainder of 28; e | 
ting another it goes 7, with a remainder | 

again. Now, as it will have a remainder of 28 al- 
ways, all the figures in the quotientwill be 7, with- 
out end; ſo may be wrote: without any farther 
divifion, 

If it 'was required what part of a turn one turn' 
of the main n is 0 one mw of the contrate 


Wheel, it will be © 5 of 5 2 - of — a ; or in de- 


- cimals oog, * | 
To prove any of theſe, is to multiply the fia on; 
vulgar or decimal, by che number of times the wheel 
goes round in one turn of the main wheel; as in the 
Heft an 99 ae the hire wheel goes round 4 7 
9 for 
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FR AA TNT NTS 
& for the main wheel once; . then one thirty+ſizth 
multiplied by 36 = 3 = 1, or in decimals 


36 
thus: 
1 
1662 
831 
28 
ene 
4.0000 


After it is multiplied by 0 then add the res 
mainder 28, as in whole numbers, and it comes 


out as before. 


Some 1 in N 


29. Let the train of a common watch be thus, 
viz. centre to 3d. 8+ to 1, 3d to 4, 85 to t, and 
the Ath td 5th wheel, as 9 to 1, che 5th wheel 
I5 teeth; What are the beats in an hour?. 
Wrought thus as below in vulgar fraftions. 


Firſt multiply _ 3 

by w_ T8 
ives m—_ ˙· 

which mpltuplicy by. — 87 


— 


but firſt by 8 gives — 624 
to which add + ogy 78, gives 26 


— 


their ſum is — 650 
this ie by 2 1 80 or 


| 
O | WG 
** 


80 EXAMPLES IN 

which are the beats in one hour; if the revolus 
tions of the zth wheel had been multiplied by 26, 
it would have given 16.900, or the train of a com- 
mon horizontal. 

Let the train of a piece be theſe following; z It 
is required to find the beats in an hour, viz. let 
the centre to third be 32 to 1; third, to fourth 
$= to 1; fourth to fifth wheel, as 114 to 1; balance 
wheel 15, as before. 


Work it thus, „„ as 
firſt multiply by + —_— 87 
6 i 2 VV 
now by 8 gives — . 
therefot̃e the whole by theſe two factors is 
© 5 lb 
90 4 ＋ 12 


41 mixt number brought dere. by Gaftions 
og — 3833 - +77 
or ſimpler ſtill, it i: 93 * 
which multiplied by 31 


but firſt by one half, gives 462 + 2 | 


; | and by 5 gives EEE 468 4 


1 9 3 „ g 5 3 9 
wn their ſum is — 514 + Tg . 


2 ll \ >. ul \ N 2 


| : | But the three fractions 2 + 2 + 2, arè equal to 


—_ SS. ab 


ere the product of the three factors are 5155 this 


ultiplied by 30 gives the whole train, which is 
6.468 :. From theſe queſtions it is plain, how 
ceful vulgar fractions are in finding trains; they 
ould have been better wrought by decimals, at 
aſt with greater ſimplicity; but decimals won't 
ring out the anſwer near enough, as will be 
lain, if we work the laſt queſtion over again. 
= Thc decimal of one half is .5, and of one third 
233, &c. alſo of one fourth . 29; now let the 
ctors be multiplied as before, viz: 


11.25 p 
by 8.33 


4 


N - S879 
1 375 
1 
0 


which gives 93:712 
this multiplied by e his | 


— — es Cmnm_——t—— 


4685025 . 


46060 % 
gives 515.4187 


And the laſt multiplied by 30 as before, gives 
402.5925, which is too little, the parts that 
loſt is in the decimal. 33, &c. hich is an in- 


ite decimal, but by continuing it we may have 
e anſwer truer. Thus if we multiply the factor 
Ich .333, we ſhall have this anſwer; 13468, 
7 | | G | 123125, 


F N ACT to Nis. 


8 —_— = 


a awd TY or 


Re STE IE >= 8 == 6.46 A; 4+ —_ a 


Fx 


EI 
as = = 


divided by any other number that will divide 


33 E xXx AMP LES IN ß V 


213126, 3nd if we multiply it with theis, . 33 
we ſhall ſtill be nearer; but let it be multiplied AY 


with ever ſo many decimals, it won't come out ex. 


act, though it will keep approaching nearer ad ſi 


nearer at every operation. | 
The uſe of fractions muſt be great allo in the 
reverſe of the laſt queſtions, viz. from a number 


given to find the fractional factors of it, which | f 


will illuſtrate by finding thoſe of 12, which may 
be of uſe for various forms of dial-wheels. 


Firſt, divide 12 by 24, itis 1222 in character 


bur the diviſor 24, reduced to the form of a vul Wi 


2 
8 1 24 


gar fraction is five ſeconds, then the quantity wil 
be 12 +, which being divided by the laws di 


ane, gives © ＋ 2. * 5 1 


— 4 — therefore the two fractional factors of 12 = 
are 2 and 44. Now to vary theſe laſt found, c 


find other ſets, we may either try by other fra 
onal factors, or multiply and divide theſe laſt found 


by any number poſſible for other factors. Thu 


let 2+ be divided by 2, it gives 14; and alſo let 
41 be multiplied by the ſame number, that it may 
be increaſed as much as 22 was decreaſed, ve 


have 92.3 ſo that we have two other ſets, viz. 1: 


and 93, which if multiplied will make 12. 


Let 44+ be divided, and 22 multiplied by the 
ſame number, we have a different ſer, viz. let 4! 
be divided by 2, it gives 24 ; and 2+ multiplied 
by 2, gives g; ſo that we have theſe for a pair df 

ors. 23 and 5. „ e 

Now let the factors 2 and 44 be multiplied and 


them 


8 
D "LIE 


1 Fr MS MM 
em, then we have as many ſets as numbers that 


: 8 ; livide them. 3 
Thus 21 x 3 is 7+, for one factor multiplied by 


. and 4+ = 3, which is 75 = 1 r; for the other 
ivided by 3, the ſame pair in decimals are 7.5 
£1 ö und 1.6 55 | 3 | 
4. ſet from 4 are 10 and 1+; for 24 x 4 gives 
o, and 4+ — 4 gives 17; the ſame operation 
eserſed gives another ſet, or 44 Xx 4 = 19+ and 
. which ſet cannot be executed. 


r; Alſo after we have got ſets by theſe numbers, 
zul ee can have other ſets by the ſame numbers, and 
he ſets laſt found. Thus, after we had 7.5 


nd 1.6, we have theſe from them and 5, viz. 


n 


Z 
;'8 It is plain from (14) the reaſon why the vari- 


f Wus ſets may be found from one fet already 
ound, viz. that if any two numbers be the factors 
hich produces one number, then an equal divi- 


or 
2. Won of one, and multiplication of the other, will 
n{ roduce another pair of factors; which pair fo 
11; Found, will produce the ſame product of the others 


rom whence they were produced. Thus to find 
arious ſets from 3 and 4, without any diviſions 
Dy fractional diviſors; firſt divide 3 by 2, gives 
5, and multiply 4 by the fame number gives 8, 


ide 1.5 by 2 again, and multiply, &c. gives. 75 
the nd 16; both of which pairs will produce 12 from 
1 beir multiplication. As 2X 2 is 4; we need not 
jerry with chis figure, but let us try with the origi- 
i 


nal figure 5; we have © = .6 fot one factor, 
Ind 4 X 5 = 20 for the other; let theſe laſt be di- 
ded by 5 again, we have. 12 for one, and 100 for 


another factor; and ſo on for any number with g. 
a O02 The 
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34 EXAMPLES, c. 


The origi nals 3 and 7, won't always pro: Wl 


duce poſſible factors in decimals, becauſe they Wi 
are unmeaſuring figures. Thus from 3 we have WW 


1 and 12, but if we try again we have. 33, &c. 
and 363 though if put yulgar, they may be en. 
preſſed as 3 A and 36. Alſo from ſeven we have 3, 


and 28; 297 and 196, &c. all of which pairs will pro: 


duce 12 from their multiplication, and conſequent. Z 


ly may be the factors or proportions for dial. 
wheels. What has been noted here with regarl 
to varying the factors, may be done in any other 
ſorts hereafter; choſe in any form whatever. 
A ready uſe of fractions will appear hereafie 


very neceſſary in finding the times of -pendulums, N 
vibrations, in order to find their lengths, or to find 


an expreſſion equal to the ſeconds or "ſtandard 
ndulum. 
What is the ſtandard expreſſion of a pendulun 
to vibrate once in two ſeconds, as it is to, vibrate 
once in two ſeconds ; conſequently its time for ont 


ſecond will be one half; in like manner, if it wa 


90 ſeconds, therefore its expreſſion. is 2 , for 


to vibrate once in 3, 4, 3, 6, 7, &c. to 60 ſe 


conds, its expreſſion for each time would be one 


third, one fourth, one fifth, one ſixth, one ſe. 
venth, &c. to one ſixtieth, to equal the time of 


the ſtandard for each. Therefore when a pendu- 


lum is to vibrate once in a number of ſeconds, to 


find the ſtandard expreſſion, divide 1 by the num 


3 Examples 
a pendulum is to yibrate once in one minute 
and a halt, what is ĩts expreſſion? 1.5 N is 


HEN O05 = 99. - Ti it is to vibrate once in two 


Pound, 


7 — ö v #4 
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OF PROPORTION. 8; 
| F227 39306 1 

* * O2 © 720 
=: 60 ſeconds make 1 minute, and 60 minutes 
hour. Theſe expreſſions might be found other- 
ie; thus, ſince one ſecond is one ſixtieth of a 
iaute, and one minute is one ſixtieth of an hour, 
a one hour is half of two; therefore the com- 


ours, its expreſſion will be 60 


t. 7 
4 1 £17 pis: I | 

a. und fraction = of 3 of — is the ſame as the 

rd l | 6a 00 „„ 


—_—_ I | . TEE Le | 
ore, or 770 when pled by the laws of 
actions. . 1 : 
What is the expreſſion of a pendulum, to vi- 
46 8 8 5 
60 of 
of = of = which multiplied, will give the 
al expreſſion. 12 „ | 
The expreſſions. for pendulums ſhorter than the 
ndard, are found by multiplying the ſtandard 
ne by the vibrations in it, which are always 
ole numbers. Thus for a pendulum: to vibrate 
4, 5, 6, 7, &c. times in 1 of the ſeconds, the 
preſſions are 1X 3, or 3; 1X4, or 4; ſo that 
e expreſſions are the times propeſed. 


ö . - 7 | 1 1 
ate once in a month? Anſwer, 50 of 


- Of PRoporTION in general. | 
, K doctrine of proportion being not 

well underſtood, is moſtly owing to. the 
arner not conſidering the meaning of the word 
oportion, The idea of proportion can never 
me into being, till we conceive a quantity or 
mber from the relation of two quantities or 
mbers to each other: thus, if a field have four 
es of land in it, and another have eight; then 
ir relation to each other in quantity is, firſt, 


G 3 that 


ute 
5 1s 
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two 
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that the latter has four more parts in it than the 
former; and ſecond, that the latter has twice the 
quantity of the former. 1 
So of the numbers 4 and 8, their difference i; fl 
4, but in their other relation, 8 is 2 times 4, And 
ſo of any pairs of numbers whatever, as 4 and 12; 
firſt their difference is 8, but in the ſecond rela- 
tion 12 is 3 times 4. Alſo in this pair 10 and 1; 
their difference is 3; but when conſidered fron 
their multiplication, 13 is 1; of the former. 
If the numbers had been propoſed in an invert. 
ed order, their relative property would till hau 
been the ſame ;z thus 8 and 4 have the ſame diff. Wn 
ence as 4 and 8; ſo in the other relative property, 
for 12 is 3X 4, as well as 4X 3 is 12. : 
Cor. 1. Hence then, when any pair of numben 
are propoſed to be conſidered from their relatir 
property, they may be confidered two ways; e 
ther from their difference, or from the number oi 
times that one contains the other. = 
Cor. 2. Alſo after they are conſidered, any nun 
ber of pairs may be found, having the ſame reh 
tive property as thoſe 1 for it is only ma 
ing an equal addition or ſubtraction in the firſt 
lation, and an equal multiplication or diviſion ii 
the ſecond, by ſome given number. | 2A 
Let it be propoſed to find any number of pany 
having both the relative properties, from the nun 
bers 4 and 8; firſt take 2 from 4 and 8, we hay 
2 and 6, whoſe difference is 4; alſo if we add 
to 4 and 8, we ſhall have as many ſets as we 208 
2; thus 6 and 10, 8 and 12, 10 and 14, 12 al 
16, &c. the difference of all theſe pairs being 
and as any number may be added inſtead of 
conſequently there may be found as many pa 
as we can add numbers. 3 


o 
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1313) the ſecond relation, by multiplication or di- 
the viſion, let the given pair 4 and 8 be multiplied, 
the Kc. Thus from 4 and 8 we have 8 and 16, 16 and 
22, 32 and 64, &c. &c. all which have the pro- 
perty of the firſt pair 4 and 8, for one is half of 
the other in each pair. Fog 
_ Cor. 3. From the laſt Cor. it is plain, that if any 
one pair be propoſed, and any other number for 
te firſt of the ſecond pair, then the ſecond num- 
ber of the ſecond pair may be found in either 
caſe; fo that the relative property of the ſecond 
en pair may be the ſame of the firſt, Thus let 4 
and s be propoſed as before, and let the other 
number be any one whatever, as 41 in the firſt 
caſe; as the difference between 4 and 8 is 4, the 
= difference of the next pair muſt be the ſame; then 
the ſecond number of the ſecond pair will be 
_—_ 4: 4 =45; hence the ſecond pair is 41 and 45, 
por their difference is 4; or if they had been pro- 
| poſed thus, 8 and 4, then the number wanted 
= would have been found thus, 41 — 4 = 37; and 
the pair would have been 41 and 37. E 


Again in the other relation, the pair will be 4 x 
and 82, or if the given pair be 8 and 4, the pair 
= from 41 will be 41 and 202. e 
Cor. 4. From the ſecond and third Cors. it is 
plain, that whatever the relative property be in 
the firſt pair, it muſt be the ſame in the ſecond; 
but the relative property is the proportion of the 
pair, ſince it ſhews their difference in the firſt caſe, 
and in the ſecond; how many times one is greater 
chan the other, or which is the ſame, what part or 
parts. | | | 2 
31. From the definition in (30) and its Cors. we 
have all the doctrine of proportion nearly; for 
when any two numbers are compared in the firſt 
relation, it is what is called arithmetical proporti- 
| 9 03 
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on; but when in the latter, the geometrical pro- 


multiplied or iges is, called the ratio of that 
Is ſaid to be in that ratio, be- 
cauſe their relation is produced from it. Since 
any number may be added to, or taken from ano- 
ther, or may be made a multiplier or diviſor; con- 
ſequently, any number may be the ratio of a pait 
of numbers, either in arithmetical or geometrical 
000% ĩ ͤ V 24 Ng 
32. The rule which is called the rule of pro- 
portion, or rule of three, may eaſily be drawn 
from the third Cor. in (30) for the three numbers 


given are the firſt pair, and the firſt number of the | 


ſecond. Alſo the fourth number required in pro- 


portion to the three given, is the laſt of the ſe- 


cond pair in proportion; ſo that we have two of 
one name, which are called antecedents, becauſe 
they are firſt in the pairs; and one of another 
name, which is called the conſequent, becauſe it 
is produced from the antecedent into the ratio; 6 
that the fourth number muſt be a conſequent to 
one of thoſe two which are of one name. Thus, 


as 4: 12: : 14: ſome number, which is the conſe- 


quent to 14; here 4 and 14 are antecedents, and 


12 is the conſequent. From the third Cor. the 


conſequent to 14 muſt be 14 X 3 or 42; becauſe 


the conſequent 12 is 3X4. Again, if the num 


bers were propoſed thus, as 12:4: : 42: its con- 
ſequent, ſince 12 is 3 times its conſequent, 42 
muſt be 3 times its conſequent too; or the conſe. 
quent to 42 will be one third of it, ar 14 as be · 


fore; thus as 12: 4: : 42: 14. 


33. Alſu hat is called tbe rule of threr inverſt, 
may be put under the ſame analogy; far from - 
. „„ EE wor 
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portion of numbers, and the number by which 
the arithmetical proportion increaſe or decreaſe, iſ 


or that by which the geometrical proportion is 43 
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Vord and the nature of the rule of three, it is to be in · 
| RS verſe, both in terms and operation; or the antecedent 
of one pair, muſt be compared with the conſequent 
of the other; and that by an inverſe operation thus, 
gas 3:15: : 45 to its conſequent. Now the conſe- 
- WT quent of 3, viz. 15 muſt be compared with 4g, 
the antecedent of the fourth number to be found; 
and the conſequent when found, will be in an in- 
- HE verſe ratio to 3, of what 15 is to 45 but 4 


is z times 15, therefore the fourth number muſt 
= bc one third of 3 or 1, ſo the whole proportion 
will be as 3:15::453 1; or if the numbers be 

t in uſe, if 3 men do a piece of work in 15 
days, how long will 45 men be in doing the ſame ? 
The anſwer is one day. This is what 1s meant by 
the word inverſe in the rule of three, but we of- 
ten ufe it in a different ſenſe; as in the ratio's of 
W2:8::15:7%, where the proportion is only in- 
W verſe in operation, and not in the terms. 


— 
o 


34. If all numbers were meaſurable one by an- 
other, then all queſtions in proportion might be 
anſwered by the above rules; but as this is not the 
caſe, we are obliged to have recourſe to a univer- 
ſal rule, which takes in all queſtions that can be 
| propoſed, but yet it is derived from the ſame 
principles. | Hs he 5 1 
| Thus if theſe be propoſed, as 3: 36: : 7 to 
Es ſome number now (by 39) if direct, the fourth 
7 | number will be 84, or 12 X 7; but the ſecond 
n- a term is 36, or 12 & 3, or it is the firſt term, and 
n- che ratio of the proportion together; and if 12 * 3 
12 be multiphed by T” it will be 12 * 3 73 if 


dus produt be divided by 3, it will be <= - — 
* Emer 4 = a * 7, which is the fourth num- 
0 ber. Therefore in direct proportion we have this 
d Eb 


rule; 


. 


quires more, and leſs leſs, it is direct; and if the 


more, the rule is inverſe. 
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rule; multiply the ſecond term by the third, and 

divide the product by the firſt, gives the four 

number for an anſwer to the queſtion. 125 
Now fuppoſe the proportion was inverſe, from 

(33) the fourth number will be inverſe of 7: 36, 

or it will be when they are placed as direct as 

7: 36: :3: fourth number; but from abeve, the 

_—_ number in direct proportion will be 

* = 157. Hence we are come at a 


— 


= SF 
univerſal rule for all proportions, whether it be di. 


rect or inverſe, viz. we the ſecond term into 
the third if direct, and into t 


e firſt if inverſe, and 

divide the product by the remaining term. | 
' 25. How to know whether a queſtion be direct 

or inverſe, is more difficult than the working of 


it, and requires as much thought, but it may al. 
ways be known from the nature of the queſtion ; 


thus, if ; ſhillings buy 12 of any thing, bon 
many will 60 ſhillings buy at that rate? Here it 
is plain, that 60 ſhillings will purchaſe as many 


12's as there are 2's in it, therefore the queſtion is j 


direct. Again, let it be propoſed thus; if three 
men do a piece of work in 12 days, in what time 
will 60 do the fame work ? Here it is plain, that 
60 men will do the ſame work in leſs time than 3; 
therefore if the antecedents in any proportion pro- 
duce confequents in their proportion, Kh the rule 
is direct, if not, it is inverſe. Under this ſhort 
rule, comes all that can be ſaid by Mr. Malcolm, 
and all other writers of arithmetic upon the rule 
of proportion; who tell you, that if more re- 


reverſe, viz. that more require leſs, or leſs require 


— 7 


36. Alſo the learner ſhould have a good idea 
how to ſtate all queſtions in this rule as no rule 


can 
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can be given how to ſtate them more than that ſup- 


poſitions muſt be the firſt antecedent, and thaſe con- 


; b ditions on which the demands lie, muſt be the ſe- 
cond or the third term in the queſtion. The ſup- 


poſitions are moſtly known by the words, if, ſup- 
ſe, &c. &e. and the demands by what will, 
ow much, or how many; and all words to that 


import. | 5 i 
Some ExAMpLEs in this Rule. 


Ex AMY IL E I. | 

If 5+ turns of a fuſee require 44 turns in the 
barrel, how many turns of the barrel will the ſame 
ſized fuſee require, having five turns? Say, as 
7: 47: 5: to the anſwer, which vill be 3. By 
the ſame rule is the anſwers to theſe found, viz. of 
Ar and 4; for if they be put in the place of g, 

the anſwers will be 2.7;, and 2.5; reſpective 7. 


AR AKnPL2 . 
But if the fuſees are of different ſizes, whether 
at the bottom or top, or which is the ſame thing 
of different heights, it will require two operati- 


ons of the rule. Thus, let the above fuſees be 


of different ſizes, viz. let that of 5 turns be 
three fourths of that of 7+ turns; now fay, as 
þ / 


118137 : > = 24 of turns of the barrel, For 


more examples, let thoſe of 4 and 4, delivered 
as above, be wrought with different diameters, and 
they will give you the anſwers, . 

But as one neither multiplies nor divides, you 


need only multiply the anſwers of the laſt opera- 


tion by the different diameters, for the anſwers to 
the ſecond, ee 
| When 
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When a plan is deſigned for a watch, or any 
ſpring piece, the train is alſo determined; and in 
conſequence, the continuance of the piece which 
gives the turns of the fuſee. And from theſe ex- 
amples, the turns of the barrel are determined; ſo 
that the ſame may be marked on the calliper plate, 
in the ſcore of the barrel, as all the numbers of 
the wheels are reſpectively done in their ſcores, 
and by this means, the ſpring- maker may have 
punctual orders how many turns to make the ſpring 
have in the box; and if there be a given power to 
any one number of turns, we can alſo, from theſe 
examples, find the ſame in different numbers; 
and in conſequence determine the height of the 
pillars, the ſize of the balance, as will appear in 
the courſe of this work. But we find men of 
great names, to have 4+ turns in the barrel for all 
forts and ſizes of fuſees with different turns; this 
muſt be an inconfiſtent way gf proceeding, ſince 
the power varies as the turns, and in-conſequence, 
the whole piece muſt be varied in like manner, if 
dope with judgmebt, t. 


E XAMPLE III. 


The laſt two examples, were to find the turns of 
the barrel tò the ſize of fuſees; now I will give 
ſome examples from the turns of the barrel, 
to find the fize of fuſees, or the length of the 


chains which: lap round them. Let the turns of 
the barrel be 42, and fuſee 72, which we will ſup- 


poſe equal to nine inches in length; what will be 


the length of the chain when the barrel has only 


three turns? Say, as 43:9 :: 3; to the anſwer; ' 
but it is plain, that as the barrel has only 3 turns 
for ſeven of the fuſee, conſequently the proporti- 

1 5 | c10n 
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2 „ 
on is inverſe; therefore the anſwer is TI. 
12 =13-5 inches. 

E * A'M e L 1 

Let the fuſee be of a different ſize, as if it be 

1.5 of the laſt; then by the direct rule ſay, as 


; 1: 13.5! q 1.5 20.253 Or, as in the third exam - 


1 ple, multiply or divide the length found by the 
different ſize, will give the lengths for the reſpec- 


tive ſizes. | : 


Il might add a number of queſtions under this 
rule, according to Dr. Durham in his Clock- 


U 1 maker ; but as they may be apt to bewilder the 


== lcarner, and are of no uſe, I will only add the fol- 
bving, which naturally belong to the rule. 


Er A ur N 


Suppoſe the hour wheel of an old hour watch, 


was loſt, to find the number of teeth of the 


1 wheel, you muſt conſider what is given; firſt, the 


turns of the fuſee you can count, which ſuppoſe 


W 15, the watch is to go 30 hours at one winding up, 


or 15 turns is equal to 30 hours, or one turn to 
2 hours; therefore you may ſay, as 15 is to 8 its 


W pinion, fo is 2+ turns of the hand in the ſame 


time to its teeth, which will be 48; or as it is 6 


turns of the fuſee to one of the hour wheel, you 


may ſay, as 6: 8: : 1: 48 this is upon the ſup- 


poſition of the pinion of report being 8; but if it 
was any other number, the wheel may be found 


the ſame wayy xy. ME I 


- 


G40 ExXAMPL'E VI. 5 7H 
Suppoſe the right weight of a pendulum be 
110. oz. troy, what weight mult that be for a pen- 
„ dulum 


= n nen 
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dulum of 100 yards? Firſt the yards muſt be 
brought to inches, which is 3600; then ſay, as 
39.2: 110 oz.: : 3600: 10204. In like manner 
may the weights be found for all others if requir- 
ed, in proportion to the lengths. 1 


; ExaneLE VII. 
| Suppoſe the maintaining force of 110 02. troy 
be. 128 arts of a grain, what will be the main- 
taining force of 112 1b. avoirdupoiſe, to the ſame 
pendulum ? ve es > ; 
Firſt from (18) bring the avoirdupoiſe weight 
to that of troy; thus ſay, as 80: 73:': 112 lb. 
in ounces, to its number of troy ounces, which 
will be 16355. „ 
Then ſay, as 110 oz. . 128: 1 95-2: its 
maintaining force, which is 1.9027; after the 
fame manner, may the maintaining force of any 
pendulum be found, : 
The above calculation is made upon the ſuppo- 
ſition of the pendulum's being uniformly reliſted ; 
which, though not quite ſo, yet it does not vary 
much, for our uſes. , OW) 
Suppoſe that the top and bottom pulling of a 
ſts 8 be in php ee of 21: t, _ 2 pul- 
ling at one end be given alſo, it is required to find 
the other? VVV 
Note, the pulling here meant is that in the 
barrel, without the correction of the fuſee (ſe 
Let the greater power of the ſpring be given 
equal to 70 then ſay, as 2: 1 :: 70: 35 the leaſt. 85 
If the leaſt was given, then the proportion Wl 
would ſtand thus; as 1: 2: : 35: 70 the greateſt. 
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PROPORTION. gs 
As the ratio of the two laſt are as 2: 1, there 


b. : | needed but little operation for the anſwer, ſince it 
8 was but a multiplication or diviſion by 2. 


But let the ratio be as 3: 1.578, it is required 


| 5 | to find one power, the other being given. Let 
che greater power be given equal to 49; then 
_ ſay, as 3: 1-578 : : 49: 25-74, 

e leſſer power. 


r the anſwer, or 


If the leſſer power was given, then, as in the | 
laſt queſtion, the proportion would ſtand thus; as 
1.578 : 3: : the tefler power to the greater. 


„„ nn „ 
Let the top and bottom powers be given, it 1$ 


( required to find their ratio ? Anſwer, the numbers, 


which are the expreſſions of the powers, will give 


1 the ratio -; for from ( 30, &c.) On proportion, the 


numbers will give the relative property, which is 


| W their ratio. Let the top and bottom powers be 


expreſſed by 60 and 20, then their ratio is as 


| W 6 : 20; but by (30, &c.) 60:20 is as 30: 103 


ſinee they both divide by 2, or they are as 15: 5, 


5 or as 3: 1, which is their ratio in its loweſt terms, 
_ and which might have been found at once thus, 


by dividing them both by 20; for as 60: 20: : 3: 1. 

But if the expreſſions of the powers be incom- 
menſurable, then divide the leaſt by itſelf, which 
will always give unity; and divide the greateſt by 
it too, yon will have the ratio in the leaſt terms. 
Thus, let the powers be as 20: 59, then divide 


doth by 20, gives you 1: 222, or, in decimals, it 


is a8 1: 2.93. 


Ex AMF IL R X. „ 
Let the powers of a ſpring be as 3 to 2, and 
one diameter of the fuſee given, it is required to 
find the other. Suppoſe the bottom diameter be 
given 


9 EN AM PL ES I 
given equal to 20, what is the top diameter? Say, 
as 322420: 13. which is the top diameter. 
Again, if the top diameter was given, it would 
be 28 2: 313: 20, the bottom diameter. 
After the ſame way may the ſize of the barrel 
asarbor be found; but when you havg found it, you 
muſt afterwards deduct the thickneſs of the firſt 
lapping of the main ſpring, as that is ſuppoſed in. 
finitely ſmall in power, its thickneſs n, ood mock 
2007 the diameter of the bo | 1513 oi 


7 | Supp oſe the Pillar makers obſerve a regular de- 
creaſe in the fize of their pillars; it is required to 
find che ſizes in proportion to the pulling of the 
| ſpring?» This is a very material matter to watch. 
makers, though little noticed by them; for as the 
top and bottom diameters of the fuſee, muſt be in 
proportion to the powers of the ſpring; conſe- 
quently, unleſs you loſe a deal of room, your 5 
lars ſhould. be in the ſame proportion. 
When a ſpring pulls in the proportion of 2: 1, 
and a calliper is drawn geometrically with a com- 
mon train of 4 1 in the main wheel, then let the 
ſize of the watch be what you chuſe, the height of 
the pillars will be equal to half the main Wheel, 
and in our common fize the height is what our 
pillar- makers call fix, But in (18). I have deter- 
mined the parts to expreſs this length by, in 
hreadths of the teeth of the wheel; which, i in our 
common form, is 162 parts 3 this, 1 ſay, is the 
height when the powers are as 2: 1, and proper 
allowances are made . the freedom of the main 
Wheel. 
Suppoſe your fda polled in the proportion of 
3 what is the * * your er e in this 
caſe wm th | | | 
| Firſt 
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a 6nd the leaſt diameters of the fuſee thus, 
ottom diameter is about 12 to 25 parts of the 
bneel; now ſay, as 2: 1 25: 124; again, 
2:25: 165 the leaſt diameter, when the 
rs are 29 3: 2. % h ¼llnk ] W . 
DW the leaſt diameters of each : 
d, and the heights of the pillars will be in- 
ly as theſe diameters, therefore we have this 
Wortion, as 12 parts: 16+ heig. : : 16 parts 
height, which is 12:6 in decimals; there- 
to find the height of pillars for this diameter, 
ay always ſay, as 124 : 16 :: leaſt required 
eter to the height of the pillars. : 


E M S114 K: ,; NAL. - TREE; 
is plain from the nature of the fuſee and- the 
ſpring, that the fewer turns are in the fuſee 
ronger the ſpring is; therefore the fewer the 
. the ſtronger ought the main wheel teeth to 
but the ſtronger the teeth, the leſſer the num» 
uſt be in the ſame ſpace, conſequently the 
muſt decreaſe as the turns. 4, n 
pw ſuppoſe 7? turns have 48 teeth in the 
WW wheel, what muſt that have which has only 
turns? Say, as 5.5: 48 :: 5: 32, the teeth in 
jortion to the turns. Therefore the teeth in a 
wheel, whoſe fuſee has only five turns, muſt 
=; and if the proportion of the main to the 
ee wheel be 4: i as common, then the centre 
Wn calculation of trains, I have aſſumed the 
dns at random; but here I have ſhewn, that if 
number be found of a good ſtrength for a 
n power, how-to:find a-proportionate number 
different power, which is upon the ſuppo- 
n of our common form being right; but I ap- 
end it is not, as it ſeems, from the ee 
N | 1 2 12 2 5 0 * wy o 


* * 
. * " % 7 
5 u. Ws 6 
. 


proportion are 
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of teeth at the firſt power in ſome of ou: Ml 
pieces, to be much too coarſe. But now ill 
one has it in his choice to make them as he p 
and in juſt proportion to it, which has not bel 
tempted before that I know-of. | , 
27. There is no other part of proportion «lll 
in uſe in clock or watch-work, unleſs it be thy 
: arithmetical proportion continued; which is, y 
any ſeries of numbers increaſe by the ratio H 
added to the conſequent for a new anteceiiM 
and alſo added to this for its conſequent, andi 
ad infinitum. Thus 1, 2, 3, 4, 5, 6, 7, 
10, 11, 12, &c. are a ſet of this ſort, having 
for its ratio; and 1, 3, 5, 7, 9, 11, 13, 1; 
are another ſet, which hath two for their 
Now it is plain, that in any ſeries in arithmi 
proportion or progreſſion, that the ſum of ani 
ries is equal to the ſum of the firſt and laſt will 
multiplied by half the number of terms. H 
any three terms, the extremes are equal to thei 
ble of the mean or middle term; and in four, 
extremes are equal to the ſum of the m 
Thus 1 +3 =2 +2 =4; and in theſe 2, 4, 
32+6=4+5 =9. Alſo this law holds go 
any four taken in the ſame ratio, or of one 
taken on this fide the means, and two on the al 
fide; thus in theſe, 1, 2, 3, 4, &c. to 
1 £ _a2x+wo=2+9=3z+8=4+ 7 = 5; 
8:6  .. Here the extremes 1 and 10, are equal to 
| ſum of any two terms taken at an equal dil 
| from them; and conſequently 5 times 174 
BY Will be equal to 1 + 10, and 4 times its eq 
460 | but 1 +10, and four times its equal, are «ll 
| to the ſum of all the terms, 1, 2, 3, 4, &c. 0 
—_ Therefore in any arithmetical progreſſion, theſu weld 
» aAll the terms is equal to the ſum of the firſt ani 
| | term, multiplied by half the number of terms ite" oy 
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na if the number of terms be odd, ſuch as 1, 3, 5, 
c. then the ſum is equal to the firſt and laſt term 
pi {ded together, multiplied by the number of terms, 
* d the product divided by two. Thus the ſum 


| f this ſeries, 1, 2, 3, 4, 5» 6, 7, 8, 9, 10, 11, 12, 


4 I +12x6=78, and this ſeries carried on to 
S, MI b. will be ws — 5 "A = 153, and ſo of all 


thers. 


10 709 211 707 | „ 
„ Ex AM HTI E l. 
What is the number of ſtrokes a clock ſtrikes 
i; Tp twelve or twenty-four hours? The firſt term is 
ne, and the laſt twelve; ſo 1 + 12 = 13, and 
nec number of terms is twelve, half of which is 


; therefore 13 x 6 = 78, the ſum of the ſtrokes 
= wclve hours; and in twenty-four, it will be 
ice 78, or 78 K 2 2 156. | | 


* 


Fn 

hed T1 28 f 

ur E AMPLE II. 
5 


If a clock ſtrike on at 1, 2, &c. to 24, it will form 
ſeries of 24 terms; how many will it ſtrike in 


is caſe? Anſwer, 1 + 24 X 12 =:300, | 
here is no need to find any more than the ſum of 
ee ſtrokes for one period, in calculating the ſtri- 


e 0 

o ing part of a clock, for if it be found for one, as in 
5 + 30 hour clock, the ſame train above will do for 
tol ny other, as well as for a 30 hour; for as the 
fit ime between every ſtroke is to be the ſame in all 
7 orts of houſe clocks, -conſequently the governing 
eq ain is the ſame above the pin-wheel; and in a 
. iece of longer continuance, the multiplication 
. 8 uit lie between the pin-wheel and the barrel, 
» {ul herefore after a train is fixed on for 12 hours. 
and! y number of twelves may be continued from 
if ermediate wheels, as will appear under calcu- 


ation of trains. 


H 2 E x A M- 
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Ex AMP IL E III. op 
I will add here a few queſtions to ſhew the u Wl 
of arithmetical progreſſion, in finding the quanti Wn 


of weights in levers, &c. the great uſe of which { ; El 
in (160, &c.) Suppoſe that a hundred weights, of : 


1 Oz. each, were placed upon a lever of 101 inche; 
long, viz. the firſt at the firſt inch from the fu“ 
crum, or centre of motion; the ſecond at the 
ſecond inch, the third at the third, &c. &c; to the 
laſt ounce, which will be upon the hundredth inch, 


Now it is required to find the ſum of all the | 10 
weights, or which is the ſame thing, how mud nl 
weight muſt be placed upon the other end of o 


inch long, to equipoiſe the hundred ounces ? _ 


The firſt ounce at one inch will weigh 1 ounce; 
but from the principles of the lever, the ſecond 
will weigh two, the third three, the fourth for 

ounces reſpectively ; and in conſequence, the hun nl 


'- dredth will weigh a hundred ounces. - But a hun. 


dred ounces.is the laſt term of the progreſſion, aud | | 
the firſt is one; therefore 10x X 50 = 5050 is th Rb 
ſum of the "progreſſion, or the weight of all ti: We 


weights upon the lever. my 


"ES 4MPLt. IV; 


Another queſtion of this ſort may be this ; ſup L | 
poſe the conditions the ſame, but let the weighs 
upon each be fix, then the firſt term will be i, yo 


and the laſt 600; their ſum is 600 + 6 = 60, Wl 
which multiplied by 50, gives 30300. Fron Wl 


theſe two queſtions we may gather, that after ti: Wi 


weight is found for one of any thing, then a 


number of the ſame may be had, by multiplying th: Wl | 


ſum found from one by the number wanted; 
thus the ſum from ounces was 5050. 

Suppofe we wanted the ſum from twelve ounci ln 
each, then 5050 X 12, 600600 for the anſwer, 


E X Ak ; | 
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| Wr rn V.- : 
nin the foregoing queſtion s, the lever or rod is 
uppoſed of no weight, but the weight of the rod 


1 may be found by the ſame proceſs; for if the ounces 


ve ſuppoſed diffuſed through each inch, then the 
e«eigzbts will be found as before; but as each part 
of the weight or ounce is at a different diſtance 
rom the centre of motion, conſequently each part 

ill be of a different weight. | 


Ex AMS IA VI. 


SS Suppoſe the ſame queſtion over again, but that 
he rod be 102 inches long, and of 102 ounces 
eight, and of the ſame thickneſs in every part. 
As each inch is one ounce, it will contain 480 
rains, and if each be ſuppoſed to contain the ſame 


omber of ſpaces, then the whole number of ſpaces, 


\ n rom where the firſt grain will act upon the centre, 
ill be 48000. (Note, the two odd inches will equi- 
oiſe each other.) Therefore the ſpace of the firſt 


ann will be 17, and its weight will be the 


me; ſince one neither multiplies nor diyides, con- 
quently 1-7; will be the firſt term of the pro- 
ereſſion; and by the ſame reaſon, 43.000 would 
ee the laſt, if we went on as if it was a continued 
aumber of whole ſpaces; but let us calculate it 
rr each inch ſeparately. Thus the firſt term of 
ee firſt inch will be re? and the laſt will be 2, 
cd their ſum will be 3226; half the number of 
ns is 240, therefore 345 X 240 = 7205 for 
ee weight in the firſt inch. In like manner, the 
ct term in the ſecond will be 22 , and the laſt 
in be 3, their ſum is 5445; which multipli- 
by 240 as before, gives gere X 240 = 12004 
r the weight of the ſecond inch; in like manner 
H 3. the 


is called the extraction of the ſquare root. If the 
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the weight of the third will be 16802, and cf the 
fourth 943+ X 240 = 21603. From a compari. PF 
ſon of theſe ſeveral weights here found, we ſhall 
find them a ſer of numbers in arithmetical pro- 
greſſion, whoſe common difference is 480; but 
the firſt term is 720.4, and the laſt will be 
480 X 100 = 48.000, their ſum is 487202; which 
multiplied by fifty, half the number of terms give 
48720.5 X 50 = 2436025 for the weight of the 
rod. I have choſe theſe different queſtions to illu- 
ſtrate the uſe of progreſſion ; but when we come 
to calculate the quantities of the rod and adjuſting Wl 
ball, &c. we ſhall be obliged to obſerve particular Wl 
parts of meaſure ſuitable to the workmen ; ſuch ll 
as the ſemi-diameter of the bottom of the fuſe, Mi 
and likewiſe for the rod to be divided into the 
parts of the fuſee, &c. — — 


Of the SQUARE Roor. 


38. H E ſquare root is the firſt ſort of roots; i 
for the multiplication of any number 
by itſelf produces a ſquare, or a number which 
is like a ſquare; thus 3 times 3 is 9, and is likea i 
ſquare * , or a four ſided figure, having a Wi 
many parts in one ſide as there are parts or nun- 
bers in another. Now to find the fide of the 


ſquare, or to find the ſquare root of any number, 


number given be ſo ſmall, as not to exceed the 
common multiplication table ; then the root maj 
be found by the table, or trying how near anf 
number in the ſquared table is to the number gr 
ven, Thus if 144 be given, then its root is a 


be given, you will find, that as there is no 

ee in the table equal to it, its root cannot be 
a by gueſſing; fo you muſt work by another 
od. If 10 be multiplied by itſelf, then the 
e will be 100; if 100 be multiplied by it- 
the ſquare will be 10000 ; and ſo on. Hence 
Wy be obſerved, that whatever be the number 


e root in the ſquare; and the reverſe, what- 
be the number of places in the ſquare, there 


catter the 1 are two cyphers, and after the 1 
e ſquare are four. Now to extract the root 
given number by place, is to prick the num- 
ven into the number of places for the root, 
Sh is from the right to the left, putting a dot 
every other figure, becauſe two in the ſquare 


> one in the root, thus 36789786; conſe- 


any places will the root have in it, or it will 
0000 in places, beſides the intermediate 


2 dw to find the digits to put in theſe places, 
eeſt way is to ſhew how the rule is found, ſo 


ee to forget. Let 14, or any number, be 
plied by character, thus 10 ＋ 4 = 14; 
10 is the place of the root, and 4 is the in- 
diate digit. Again, 10 + 4X10 + 4 = 
+ 2X4X10 + 4X4 = 196. Hence it 
be obſerved, that in the product in charac- 
are two ſquares, viz. 100, the ſquare of the 
and 4 times 4, or 16, the ſquare of the 
mediate digit; beſides, there is the rectan- 


f the place and intermediate figure multi- 


— plied 
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caaces in the root, there will be double thoſe 


be one half the number in the root; for in 


tly as many dots as there are in this number, 


the learner may find it himſelf, if he ſnould?- 


„ 


3 


. 


ll... 8, . Dae > bo th = 


a” z 
—_— \ 4 


vb 
N 


plied by 2, or 4 * 10 = 40; this multiplied h 
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2, or which is the ſame, the double rectangle 
80; ſo that the number is 100 + 80 + 16 = 
196. Let this number be propoſed to be extras. 
ed, or find the root of it; the rule is, firſt dot i 
into the places for the root, then find the firſt digi 
by gueſfing, and put it in the place of the ro, 
then ſquare it, and ſubtract the ſquare from th 
ſquare number, or firſt place of the ſquare, I. 
the remainder bring down another place, or pai 
of figures; double the figures in the root for a. 
viſor, to find the other part of the ſquare numb 
given; and by it divide the pair brought dom 
with the remainder, the quotient put in the ro 
for the root of the next ſquare number. See tie 


wor K. ; ; . 
In character. 


196710 = place of the root 
100\ 4 = intermediate figure 


| We: „twice the place, an 
_ =40X2 +104, „ 10 + ſquars 


— = 20 = twice place, and interme 
= 5 2 = diate figures rectangle, 


＋ 


— — 


96 
Abbreviate d. 
196074 
24096 
96 


| The operation and rationale is the ſame for 
other pair of figures; ſo to extract the numbe 


36789786, let it be placed or dotted thus. 4 
N No 
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36789786(6065 
"oo 
lace doubled 120 J. .78 
double of next 1 7 
is — 1206 7897 
double of the next | 60 7236 
is — 12126) 66436 
5/ 60625 
> 


Now there being a remainder of 5561, it may be 
carried farther by decimals ; but inſtead of putting 
1 Cypher to, as in diviſion, it muſt have 2; for 2 in 
the ſquare are only for x in the root. Then the ope- 
ration being continued, it muſt be done the ſame 
way as before; the root will be 6065.4, &c. with 
a remainder of 71084. To prove the work, multi- 
ply the root into itſelf, and add the remainder to 
the ſquare, to make it equal to the given number, 
or 36789786. And a farther eaſe, as in the laſt 
example, inſtead of doubling the figure, &c. as 
taught, you need only add it to itſelf, as o + o 
=2X0=0, and6 +6 =2x6= 12, Ke. 


EXAMPLES: ix the Square RooT. 


39 As it is demonſtrated by all mathematicians 
that have attempted to demonſtrate, that pendu- 
lums, or the lengths of them, are as the ſquares of 
their ſwings or oſcillations ; [ſee. art, 175.] Then 
if the length of one be given, and the ſwings it 


will make in one ſecond, or any other portion of 
| | time; 


_— RR” 9 . i. EF n ng == 


it, and its time ſtand t 
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time; and alſo if the length of any other be gi- 
ven, its oſcillations may be found; or if the oſ- 
cillations of two be given, and the length of one, 


te length of the other may be found. 


Ex AM y L E I. 


As if a pendulum of 39.2 inch. be found to 
ſwing ſeconds, ot once in one ſecond, how long 


muſt that one be to ſwing twice in one ſecond ? 


Say, as s. 1: 39.2 inch: : s. 2: length; or as the 
ſquare of one vibration is to its length, ſo is the 


ſquare of 2 to its length; which is 9.8. For 
IX 39.2 gives 39.2; this divided by 2 x 2 gives 


9.8. | 
| aner e 


Now ſuppoſe the lengths were given, and the 
ſwings were required? Thus as 39.2 inch: 1 
: : 9.8 inch to the ſquare of its time, which 1s 4 ; the 
ſquare root of which, or 2, is the times that a 
pendulum of 9.8 will ſwing in a ſecond. ag 


ExamMme Li E III. 


In what time will a pendulum of 4 yards make 
its oſcillations? As 39.2 inch ſwings exactly once 


in a ſecond, it is called the ſtandard ; ſo is made 


uſe of to find the lengths of all others. Hence 
E firſt in proportions to find 


all other lengths by, as in this example; as 
29.21.: 1. ſ. v.:: 1441. : 27 ſ. v. The root of this 


decimal being found, will give the ſwings in a ſe- 


.cond ; it is .52, or it will ſwing five tenths, and 200 


parts of one ſwing in a ſecond, or make one whole 
vibration in about two ſeconds. | 

The common methods laid down for finding the 

lengths of pendulums, is to work by 39.2, and the 

ſquare of 60, the' vibrations in a minute, r 
| : : thls 
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this is a ſtandard for one minute only; thus the 
Jaſt CO over again, as 39.2: 3600 : : 
144: 

This nobel would undoubtedly be the beſt, 
if it was an univerſal ſtandard ; bur as this is not 
the caſe, I think the workman, if he underſtands 
fractions, had better uſe the one laid down by me. 
I will give ſome examples that ſhall illuſtrate both 
methods, and in conſequence ſhew the advantage 


of each. 
EXAMPLE IV. 


What is the length of a pendulum to vibrate 


once in 20 ſeconds? Say, as 3600 is to 39. 2, ſo is 


9, the ſquare of the vibrations in one minute, to 


15680, * _ 
Or ſay, as 1: 39.2: : 2 156803 which is 
the ſame of the above. | 


In the fermer method . you had to multiply 
3600 by 39.2, and divide by 93 z and in the latter 


only, by inverting the fraction 72 and multiplying 


39.2 by 400, you arrive at the anſwer. 


— — 
N 
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What! is the length, when it muſt vibrate once 


in 30 ſeconds? 


As it muſt vibrate one time in 30 ſeconds, con- 


ſequently it muſt vibrate 2 times in one minute. 
Therefore ſay, as 3600: 39.2: : 4: 35280, 3 


length required; or ſay, as 1: 39.2: — 3 


to 35280. Here we had no more to do than to 


ſquare one thirtieth, and work as the rule directs. 


But 


1 —— 
Ez 
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But if the vibrations of the required pendulum 


be an unmeaſurable part of a minute, then the 
former method won't find the lengths true. 
T 

Thus let the required pendulum vibrate once in 
29 ſeconds. Firſt you muſt find how many times 
it vibrates in one minute; thus ſay, as 29: 1: : 
60: 2.06. Then for the length you muſt ſay, 
as 3600: 39.2 : : 4.2436 : the ſquare of 206 to 
23254-78. If you carry the decimals in the root 
to 2.068, it comes nearer, but not to the true 
length; for ſay by the other method, as 1: 39.2 
| I | 

:: JA: 32967-2, the real length. 


* 54 | 
Again, the other method is not univerſal in its 


AA 
E x AMP ILE VII. 

For ſuppoſe I want the length of a pendulum 
to vibrate twice in one hour? Here it is plain, 
that 39.2 vibrates 60 x 60, or 3600 times in an 
hour; therefore the ſquare of 3600 will be the 
firſt in the ſtandard. Hence we may ſay, as 
12960000: 39.2 : : 4: 127008000. But by the 
bother method, as the pendulum is to vibrate twice 

in a minute, it will vibrate two fixtieths or one 
thirtieth in the ſame time; therefore the part of one 
vibration is 50 = 50 = = the ſquare of which 


HT. 1 e 
18 3240000 Now ſay, as 1: 39.2 : : 3240000 : 
127008000, as before. f 

n like manner, if we wanted to have a pendu- 
lum to vibrate once a day, a week, a year, &c. 
then for each there muſt be fixed a new ſtandard 
before we can come at the anſwer, beſides, the 
calculation of the times propoſed in the given 


time; whereas in the latter method, there is only 
| 5 - wanted 


SE 


8 QUAR E ROOT, &c. 10y 
wanted the latter part of the calculation, and the 


ſtandard is the ſame for all lengths of pendulums. 
Therefore the beſt is to uſe the univerſal ftandard, 


1: 39.2, Or 39.2: 1. 
Ex AMI IN VIII. 


In what time will a pendulum of 8.000 miles 
make its vibration? The miles brought into 
inches is 5068800000 Now ſay, as 39.2:1:: 
$0688 0000 : ,0000000773 z extract rhe ſquare 
root of the ſignificant figures, which gives 27, 
and putting the decimals to them, we have .00027, 
the decimal of the time of one vibration; which 
muſt be multiplied by the factors of time, for 
minutes, hours, days, weeks, &c. till we come 
at a whole number. Thus, | 


„ oo027 

multiplied by 60 60 

for minutes — 01620 
for hours — 97200 


Hence we find it will vibrate once very near in 
an hour, or 972 times in a thouſand hours, 


EXAMPLE IX. 


If the length of forks or crutches be about 
6.5 inches long, and weigh about 3+ pennyweights 
to each inch, what are their general reſiſtances to 
the movement, &c ? | | 

As they are fixed to the axis of the verge, con- 
ſequently the ſhorter end of the lever will be 
the arm of the pallets. The increaſe of the fork 

from the ſame, will be the other end 4 the 
| ever. 
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lever. If the arms of the pallets be about 
14 inch long, and the crutch about 62, then 12 


will be the length equal to the arms of the pal- 


lets; which may be ſuppoſed of no reſiſtance. 
Then the other ; inches, as they increaſe in weight, 
in proportion to their diſtance from the length of 
the arms, muſt be ſuppoſed the length of reſiſt. 
ance. The weight of each inch is ſuppoſed of 


35 pennyweights, or 84 grains; but by art. 37, 


Its real weight is 163.46, and thar of the ſecond 
is 163.46 + 84 = 247.40; the third is 331.46, 
and ſo on for each; the laſt or fifth is 499.46. 
From this and the firft, we find the weight of the 


whole 5 inches to be 1657.5 grains; from the 
next queſtion we ſhall find the arc of the crutch 


to be about .4, and its half will be . 2, or what 


the mathematicians call the ſign of the arc; its 


verſed fine is about. 023; or the fine and verſed 
fine are as. 2; .025, or as 80: 1. But it is plain, 
that the verſed ſine is the line of reſiſtance, from 
the moving the weight in the arc of the circle; 
and hence, if we conſider the reſiſtance of crutches 
in the moſt ſimple light, we ſhall find their reſiſt- 
ances. very near one. eightieth of their weight. 
Therefore the reſiſtance ;of the above is about 
20% 2 grains. 24-2740} bourps: wilt 4 

WT Hi A M DK, 

If a pendulum of 39.2, at 36 inches from the 
point of ſuſpenſion, deſcribe a cord of 2.5 inches» 


what is the length of the cord at 6.25 from the 


ſame point? Say, as 36: 2.8 :: 6.25: . 434. The 
half of this is 21, &c. parts, or . 2 will do for 
our uſe; which is the length of the line deſcribed 
by our common crutch from the perpendicular, 
or its diſtance to be moved. To find its perpen- 


dicular height or verſed ſine, work thus; ſquare 


twice 
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twice the length of the crutch, and from it take 
four times the ſquare of the line laſt found, or the 
ſine; then extract the ſquare root, and div ide it by 
2, gives the quantity to be taken from the crut ch 
for the height required The fork here choſe is 
6.25, twice its length is 12.5, and this ſquared is 
156.25, The ſine is . 2, its ſquare is .04, and 4 
times this is. 16; which taken from 156.25 gives 
156.09; the root of this is 12.45, and its half is 
6.225; which taken from 6.25, gives .025 for the 
verſed ſine uſed in the laſt queſtion. 

From theſe two queftions we may conclude the 
_ reſiſtances of crutches are great upon clocks, and 
more than has commonly been ſuppoſed ; alſo, 
that no fork or crutch ought to be larger than an 
equipoiſe to the pallets, which will be about 1.5 
inch long; and if they were placed above the 
axis they.would be better. 


ExamMPLE XI. 


Suppoſe .128 parts of a grain keep a pendu- 
lum of 39.2 in motion with a given welght, at 
36 inches from the point of ſuſpenſion, what will 
be the maintaining — of the ſame, at 15 inehes 
from the ſame point? Say, as 36: 128: : 1.5: 
3.06; or the required force is about 3 grains. Ir: 
the ſwing wheel conyey 4, it will have a ſufficient 
ſuperiority, 
ExXAamMrLinz. Ab 
- Suppoſe the ſwing wheel of a clock contain 18 
teeth, and the ſtandard dip be. 1 of an inch, and 
have a ſecond's pendulum, what is the ſuſpenſion 
in this caſe above the axes of the pallets? 

Firſt, for its dip ſay, as 30: . 1: : 18 : .1666, 
Now ſay, as.1 : 1.5 : : .1666 : 2.499; the whole 


of the length between the end of the crutch _ 
Wo | | the 
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thet Eu nt of fuff penſion, from which, if we take 
dard leburh, we have the fuſpenſion equal 
8 2.499 1.5 = 999, or 1 very near. After 
the fame way may the ſuſpenſion of any other 
pendutum be found. The former part of the 
e is indirect, as che larter is direct. 


EX AU A XIV. 


ot 8 queſtion, or rather a continuance 
of the ſame, what muſt be the weight of the 
ball of this pendulum? _ 

Firſt find the force of the 8 at 2.499, 
&c. or thus ſay, as 36.128: 2.5; 1.84 ; as | 
this crutch is. ſuppoſed to convey the ſame force of 
the ſtandard or 4 grains, conſequently . it will be 
too powerful for the pendulum, and in conſe - 
quence will throw it aboye 1 its ĩſochronic arc: Now 
ſay, as 1.84: 110 0. 3: 179 Ounces tfoy, the 
weight of the ball. | 
Alter the ſame ks may all che parts of a 

pendulum be found, for any different number of 
teeth, with the fwing wheel of the ſame diameter 

"Of pe common ones. 

t if the ſwing wheel be of a different dia- 


7 . meter, then the arc of vibration of the crutch 
muſt be found different. Thus the laſt with a dia- 


meter of 15 parts; firſt fay, as 18 30: 15: 25, 
the number of common ſpaces in che Prop ofed 
wheel. Now: ſay, as 25 . 1: : 18: 1.388, &c. 
© which will be the arc of the crutch or dip of this 


 Gzed wheel, upon the ſuppoftion of the pallets, . 


&c. being as the laſt. 


Theſe queſtions may ſuffice . che common 


ber with their fork, pendulum, &c. which I 
ave no opinion of, as to their mechanical contri- 
e e 
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vance; therefore will proceed to give ſome exams 
ples to thoſe of my own contrivance, 


Ex A My IL E XIV. 


From the conſtruction of theſe ſort of pallets i in 
their place, it will be found that each pallet will 
dip into the wheel, a ſpace equal to half that of the 
tooth; and as they will move the pendulum with- 
out a crutch, conſequently their dipping will al- 


ways be equal to the chord of their vibration, or 


that which the pendulum muſt deſeribe oppoſite 
their moving. 

Suppoſe we have a train * has its ſwing 
wheel of 12 inches diameter, and with 18 teeth 
in it, and the pendulum to vibrate once in 5 mi- 


nutes, it is . to find the pendulum and all 


its parts :*: ©; 
As it 1 once in 5 minutes, its ſtandard 
22. 
time is 0 5 of, = 256 05 ; and hence we may ſay, 


Rn Ns 
* 90000 | | 


2s 1: 39. 2: : 3528000 to the length 


ſought. - 


To find the parts the tht where the 


force muſt be applied, ſince the ſwing wheel is 
12 inches, the circumference will be 36; this di- 
vided by 18, gives 2 inches for the ſpace of each 
tooth, half a 

the force, which is equal to the dip of the pallets. 


As the pendulum is ſuppoſed to deſcribe a ſimi- 


lar arc 7 our common form, we may ſay, as .05 : 

1.5: : 1: 30 inches, for the point of ſuſpenſion 
to be Bon the centre of the ſwing wheel. And 
for the weight in l to the length ſay, as 


39.2: 110 oz.: : 3528000 : : 99000003 for the 


weight of the batt 10 it. For the motive force; as 
ve ſuppoſe the pendulum in all caſes ſimilar to the 
ſtandard, ſay, 3 as 110: nw : 9900000 : 11520 


_ grains, 5 


6 


* 
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which, or one, will be the chord of 
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grains, or 24 ounces, From (151) we may have 
the motive force at once, by dividing the weight 
of the ball by 412.500, or taking that part of it 


which will give the ſame as above. As there is no 


power loſt by theſe pallets, we may allow no more 

for a ſuperiority, than a proportioned one to the 

ſtandard allowance, which is one grain. 
EXAMPLE XV. 


Suppoſe the length of a ſpring clock's pendu- 


lum be.g inches, and the bob weigh 20 penny- 


weight, what is the weight of the whole upon 
the movement, or what muſt be the power upon 
the-pallets of the verge to move them? | 

If the rod be of the ſame thickneſs of. crutches 
in clocks, 'then the weight of the firft inch will 


be 163.46, and of the laſt 835.46 ; their ſum is 


998.92, which multiplied by 9, and divided by 2, 

gives 4495. for the weight of the rod; and the 
weight of the bob wilt be about 17280 grains, 
and the ſum of the rod and bob is 21775. 


" Note. The bob's weight is calculated from 4 


lever of 36 ſpaces ; fince the pallet of the verge 
is about one fourth of an inch, and then will be 
contained about 36 times in 9g inches, and will be 
the ſhorter end of the lever. 105 

If this pendulum moved upon the principles of 


other pendulums, then we might find the force as 


we have done for others; but the point of the 
paller being one thirty-ſixth of the length 


of the pendulum from the centre, or about. 25, 


its motive force muſt be applied there. Now ſay, 
as 110 Ounces in grains is to .128 its motive force, 
ſo is 21775 to its force, which is .052 parts; 


again ſay, as 36: 062: : .25 : 70.88; for the 


force at .25, and one quarter of the ſame, will be 
the force for the weight at 9 inches, or 17.7! 
grains at .25 from the point of ſuſpenſion, will 
maintain a bob of 20 pennyweights, and rod — 

5 15 ö inches 
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inches long, with its weight as common, The arc 
is ſuppoſed ſimilar to the ſtandard, but as it ſhould 
be longer, the workman may multiply the motive 
force by the quantity of the arc required; which, 
Iyvhen found, its fine and verſed fine will be known, 
as in ex. 93 then the force here found muſt be 
varied as in that example. - | 
The maintaining force above found is not ſtrict- 
y exact for ſuch a pendulum ; for the nearer 
they approach to the principles of levers, the 
more force they require, as then their properties 
decreaſe, and in conſequence the motive forces 
becomes greater. Thus a pendulum longer than 
the ſtandard has leſs reſiſtance than it, and the laſt 
ore, and its rod more than. when the bob is on, 
in proportion to their weights, and in conſequence 
crutches more ſtill. And in general, the leſs vi- 
brating property-is in any quantity of matter, the 
greater reſiſtance is in that matter, till it comes 
to reſt, and attains its property of vis inertia, when 
the power muſt be equal to the weight or 'body 
to be moved. And as this is greater or leſs as the 
devots af verges increaſe or decreaſe, I have made 
o deductions for the vibratory allowances in 
crutches, but have left it to experiments, to which 
it naturally belongs, and reſt ſatisfied with the 
xamples here laid down to their principles. 
L57Þ EA A MN r XVI. FE 
Let a barrel have 4+ turns, fuſee 72, and pull 
755 dwt. between them, what will be the force 
when the barrel has only 3 turns, and the fuſee 
the ſame. „ e | 
From (98, &c.) the powers of ſprings in bar- 
rels are as the ſquares of the lengths of the 
chains, which lap round them. The given 
chain we will ſuppoſe 13:5, and then from -(exs. 3 
"Fd 4, to rule of three) the length of the requi« 
ted chain is 20.25, Therefore we have, as 
| | ; 1 2 : 25 13.5 
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13.5 X 13.5, or 182.25 : 755 : : 20.25 X 20.25 
or 410.0625 : 1698.75 the anſwer; or it will pul 
1698.75 penny welghts. | | 


E x A Me LE XVII. 


Let the ſpring pull as the laſt, and have the 
chain of the ſame length, what muſt be the length 
of the chain, when the power is 1698.75 ? Say, a 
before, as 755 : 182.25 : : 1698.75 : 4100768 for 
the ſquare of the length, the {ſquare root of which 
will be the length ſought, and will be found the 
ſame of the laſt, or 20.25 inches. 

From theſe two examples 'it is plain, that the 
power may be increaſed either by the barrel or fu. 
ſee, when one is given. Hence finiſhers may gain 
power by larger fuſees, and as the ſquare of the 
increaſe of the lengths of the chains. 


Ex AMI XVIII. 


40. Suppoſe the contrate wheel of a watch go 
round a hundred times in one hour, and the revolu- 
tions of the third wheel on its own axes are equal 
to thoſe of the contrate wheel, what are the revo. 
lutions of each? Extract the ſquare root of the 
given number, and it will give the revolutions of 
each, or 10 is the number required. Let the 
number 3789 be the number that expreſſes the 
revolutions of any wheel in a given time, its re- 
volutions, and the one driving it on their own axis 
being equal, what are the revolutions of each! 
Extract the ſquare root, and carry it to decimals, 
it will be 61.5. In like manner, if any other 
number be the revolutions of any wheel 1n a given 
time, and the one preceding . it have its revolu- 
tions equal to the laſt, then by extracting the ſquare 
root of the number given, it will give the revolu- 
tions ot each, or the factors of their product. 


415 


$:SVARE- 0 0O f. . 27 
EN A Mn AIX. 

41. If any number be the revolutions of a 
wheel, and there be two preceding it, having 
their revolutions on their axes, each equal to the 
Jaſt; or, which is the ſame thing, if all their re- 
volutions round their own axes be equal; to find 
the number expreſſing their revolutions, extract 
the cube root; and if any number be the revolu- 
tions of a fourth wheel, having their revolutions 
equal as before, then the 4th root muſt be extract- 
ed; if the number be for the gth wheel, then the 
5th root mult be extracted, &c. &c. 

But to extract any root with a clear judgment, 
eſpecially the 3d, 4th, 5th, &e. &e. belongs to 
algebra, ſo. are omitted here; as what is delivered 
being for thoſe who have not gone ſo far in the 
art of computation z what is here delivered being 
well underſtood, will be ſufficient for all the com- 
mon purpoſes of computation in clock and watch- 
work ; though when underſtood, and being ap- 
plied to what follows in this ſmall tract, the learner 
may then proceed to the collection publifhed by 
Mr. Benjamin Martin, which is collected with 
good judgment, and improved upon in every part 
as far as the author thought needful. 


JJ . 
42. Alſo, if any number be propoſed to be 
b put into equal factors, for the revolutions of two 
ls, Nor more wheels, ſo that they may all have the 
ger fame ratio to their pinions, it is found by the ex- 
en traction of the ſquare root, &c. &c. as above. Thus, 
lu- let the common number 576 be propoſed to be 
are broke into two equal factors; extract the ſquare 
u- root, and we ſhall have 24 for the number; fo. 
that if we chuſe, we may have our common 
watches with two wheels from the centre wheel, 
as well as three ; for they will be 24: 1 and 24 : 1. 
Now ſuppoſe we had a mind to have the ſame num- 
I 3 ber 
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ber in 3 equal factors, inſtead of 9.8 and 8; ey. 
tract the cube root, and it will be 82 nearly; 6 
that 8 will be the factor for 3 wheels, which wil 
give us the proportions 83: 1, 87: 1, 85: 1, 

And, if we ſhould chuſe the ſame number t 
be in 4 equal factors, or the train to have 4 wheel, 
with the proportions all the ſame, we muſt extrad 
the fourth root, or the ſquare root twice, which 
will give us 4.89; &c. for the root; fo that we 
may have the wheels with the ſame proportions, 
viz. as 4.89: 1. Again, if we wanted it in; 
equal ratios, we muſt extract the 5th root, 
&c. & e. Ts W | 

VVV 

43. Now as we have treated of proportion, and 
the ſquare root, we can ſhew the uſe of both in 
breaking any number into factors, either equal 
one to another, or to be in proportion to any ſet of 
numbers propoſec. 7 . 

If we want them equal, only extract the root of 
the number, equal to the number of wheels pro- 

poſed, gives a number for the equal factors as above 
taught. FVV e e, 4 

And if we would have the number broke into 
a ſet of proportions, which ſhall have the ante. 
cedents of the ratios, as à ſet of numbers choſe 
at pleaſure; then divide the number given by the 
numbers propoſed, and if it divides without a re- 
mainder to each figure, then the number is broke 

into the factors propoſed; thus let the number 570 
be broke as before into g, 8, 8; firſt divide it by any 

of them, as in the example, l 
97576 

8)64 
| "4258 | 
and the quotient by the next, and the laſt quotient 
will be-the other factor, when it is divided for three, 

| | ' or 
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or the laſt quotient will always be one of them, 
let the factors to be propoſed be what number they 
_ | N 

Fur if after diviſion, the factors don't come 
out according to the numbers propoſed, then you 
may have the factors in proportion to thoſe num- 
bers by this rule. Multiply the number to be 
broke into factors by the firſt of the numbers pro- 
poſed, raiſed to the power of the number of fac- 
tor leſs 1; divide this product by the product of 
the other numbers propoſed into one another; and 
extract the root of the quotient equal to the num- 
ber of factors propoſed, gives the firſt propor- 
tional factor; the others will be found by the 
rule of three. <6 e 
N. B. A number is ſaid to be raiſed to ſuch a 
power, when it is multiplied as oft into itſelf as 


there are units in the power propoſed; thus 16 is 


the ſquare of 4, or the ſecond power, becauſe 
there are two units in the power; and if 16 be 
multiplied by 4 again, gives 64 for the third power 
of 4, becauſe it is multiplied 3 times into itſelf; 
and ſo of any other. | EY 


EXAMPLES of this Ru x. 
Let the number 576 be broke into two factors, in 
proportion to 30 and 20; if it does not come out 
equal to them, firſt try how it comes out by divi- 
ſion, as in the example, rk 


ms 


19789 


where it comes out 30 and 194, which are not the 


numbers propoſed, nor in any proportion to them. 
Therefore let 30 be the firſt of the propoſed num- 

bers; and as the factors are to be two in number, 
the power of 30 is no more than the ſame number 
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30; and as the other factors are no more than 1, 
there can be no multiplication of them. So that 
in this caſe, if 376 be multiplied by 30, gives 
17280; and divided by 20, gives 864. For the 
2 to be extracted, and as the factors are 2, 
the ſquare root of the quotient muſt be extracted, 
which will give 29.39, &c. or 29.4 very near, for 


the factor in proportion to 30. Now to find the 


other, ſay, as 30: 20: : 29.39: 19+; ſo the two fac- 
tors in proportion to 30 and 20 are 29.39 and 19.6, 

Again, let it be required to break 576 into fac- 
tors in proportion to 10, '8, 6-; by real diviſion 


they come out 12, 8 and 6, which are not in pro- 


portion to the numbers propoſed. As the factors 
are to be three in number, the power of 10, the 
firſt number propoſed, muſt be the ſecond, or 
ſquare, which is 100; ſo if 576 be multiplied by 
100 it gives 57600, The product of the other fac- 
tors is 48; and 57600, divided by 48, gives 
1200 to be extracted. As the factors are three, you 


muſt extract the cube root of 1200, which gives 


10.625. The other factors are found thus, as 


10: 8: : 10.625: 8.5, the factor in proportion to 


8; and ſay, as 8: 6: : 8.5: 6.375, the factor in 
proportion to 6. So the three required factors are 
10.625, 8.5 and 6.375; which three are in the juſt 
proportion of the three numbers propoſed. 
Again, ſuppoſe the ſame number was to be 
broke into 4 factors, in proportion to 7, 6, 5 and 
43 which four numbers are too big, and in con- 
ſequence impoſſible to produce the given number. 
Firſt, 576 muſt be multiplied by the third power 
of 7, and divided by 6 X 5 X 4, gives the quo- 
tient to be extracted; as the factors are 4, the 
fourth root muſt be extracted, which gives you 


the factor in proportion to 7. The others will be 


found 
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found from this; and the others, as in the other 
examples, by the rule of three. ; 


EXAMPLE. XXII. 


44. For the ſatisfaction of thoſe who underſtand 
algebra, I ſhall add the foundation of the forego- 
ing rule at the bottom of the page (a). 

This method of finding the factors may be ob- 
jected to, becauſe they don't come out quite exact, 
which 1s thecaſe whenever infinitedecimalsare uſed, 
and becauſe the fractional part is of ſuch a denomi- 
nator, that we cannot aſſume pinions to take them 
away. The firſt may be helped by carrying your 
operation far enough, and the laſt by theſe eaſy 
rules, viz. ſay as the denominator of the decimal 
is to its numerator, ſo is any new denominator 
which you chuſe to its numerator; which new 
fraction now found, will be of the ſame value of 
the decimal fraction. Thus in the factor 10.625, 
the denominator 1000 is ſuch as can't come in from 
any pinion that we can uſe in this train; therefore 
ſay, as 1000: 625 ::8: 5, Hence we have five 
eighths for a fraction equal in value to the for- 
mer, and which we can get clear of by aſſuming a 
pinion of 83 for the ratio will be 1045 : 1. If we 


—————_ 
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(a) Let the propoſed numbers be expreſſed by m, n, r, s, 
t, &c. and let the proportionate factors to them be expreſſed 
by x, y, 2, v, u, &c. Now as the unknown factors are to 
be in proportion to the known numbers propoſed, for two fac- 
tors we have, as m: n:: x: y; here we have my = nx, and 


18 =, Let the number to be broke into factors be called a, 
1 

therefore x * — a; or —.— 22 and x = Ham. By 

m m n 


the ſame analogy, if the number a is to be broke into three 


3 
factors, we have x 1 
Kc. &C, : 


am 3 
nrs? 


am* 3 | 4 
. And if into four, x = / 


mul- 
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multiply by 8 for the pinion, we ſhall have 85 : 8 

for both wheel and pinion. When there is a re- 
mainder in finding your new fraction, it may be 


omitted, as you will be near enough for propor- 


tionate numbers only, after which they are to be 
corrected by the workman, according to his plan; 
or to bring in a pinion, &c. either by adding or 


ſubtracting a ſmall matter, and which may be done 


even before the rule of three is uſed. As if we 
had this number for a proportionate factor, 9.9999, 
then it is plain, that the number is ſo near 10, that 
it may be called fo without any great error. The 
lame may be ſaid of this 11.998, or any others that 


the decimal parts approach near unity. 


The' AppLicaTION of all the foregoing RuLts, in 


. CALcuLAaTING TRaAiNs, Cc. Sc. 
45. NOW it is time to ſhew the learner what he 
I has been learning the foregoing rules for, 
viz. to apply them to the calculation of the trains of 
elocks, watches, and other time and ſpace mea- 


tures. From the examples laid down at the end ot 


diviſion and the ſquare root, I ſuppoſe the learner 
will be able to break any number given into 
any number of factors required, which factors are 
to be the firſt in the pairs of your proportions for 


your train. 


” - 


And from (30) and its Cors. the learner will be 


able to put the. factors into proportions, or from 


the ratio of any wheel, to that going before or af- 


— 5.) 


But leaſt it may be thought a fault without ſome 


i 


examples to make it plain, I will add a few to il- 


luſtrate the uſe of proportion. 1 
6 N . 23 12 L . Mr. 
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Mr. Durham, as the firſt and beſt practical 
writer upon this head, has laid down a form of 
his own chuſing, to ſhew the proportion of wheels 
to pinions, by placing them in the form of divi- 
fion numbers; thus 4)48(12, which ſhews, that 
the pinion 4 is contained 12 times in the wheel 48. 
He complains of the watch-makers method not 
being ſo plain as his; but I think that neither 
give any idea of the matter. The watch-makers 
method, as he ſays, is to ſhew the wheel and pi- 
nion on the ſame ſpindle, thus 54 — 12, 48 — 6, 
&c. which to be ſure gives but a faint idea of the 
revolutions of one wheel being driven by another. 
His undoubtedly is better, but-ſtill gives a confuſed 
idea; for what have we to do with the teeth of the 
wheels in ſhewing the proportions? Are not all pro- 
portions, fractions, &c. the beſt conceiyed in their 
eaſt expreſſions? Or is ĩt not better to ſay, 4 to 1, 
than 48 to 12 ; or that 4 contains 1 4 times, as 
well as 48 contains 12 the ſame number of times? 
But there needs no new method, either by him or 
any one elſe; for the mathematical method is 
neat and expreſſive of the deſign; and alſo ſnews 
the proportions of each part ſo clear, that no 
other method can be choſe better. Thus when 
any ratio or proportion is expreſſed, it is wrote 
thus, as 4: 1, 5: 1, 6: 1, &c. and ſhews the 
proportion of the firſt to the laſt, whether they 
expreſs weight, meaſure, time or revolutions, &c. 
&c. of one body to another. And if uſed by us, 
naturally ſhews the range of the wheels from the 
firſt to the laſt in the train; and alfo how oft one 
is driven by the other. Thus in a common watch 
the train will ſtand thus, 4: 1, 9: 1, 8: 1, 8: 1, 
15: 1, by which order you ſee how oft the laſt in 
each is drove by the firſt with eaſe, ſince it is eaſy 


to tell how oft 1 is in 4, 9, 8, 8, and 15, there- 
fore 
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fore may be told without divifion. After a num- 
ber is broke into factors as before taught, then 
each factor may be placed in proportion, by vrit- 
ing them with unity and the mark of proportion 
thus, as 12: 1 for a factor 12; when the common 
number 376, is broke into 9, 8, and 8, then it 
may be put into the proportions 9: 1, 8: 1, 8: 1, 
or 8: 1, 8: 1, and 9: 1; it is mere choice which 
are taken firſt, only we place thoſe ſo that are de- 
ſigned firſt in the train. TEND 
Note, as many factors as a number is broke in- 
to, ſo many proportions are formed out of it. 
And alſo that there muſt be as many intermedt- 
ate wheels as there are factors or proportions, 
more than the firſt; thus from the centre to the 
balance wheel of a watch, the proportion is 
576: 1; which being too big, may be broke as 
above, and gives us the two intermediate wheels, 
the third and contrate. Alſo as all proportions are 
either by multiplication or diviſion; when they 


are by multiplication, I write them thus, 8: 1, 


7: 1; and when by divifion thus, 1: & and 1: 7, 
&c. And as all fractions are expreſſions of pro- 
portion, conſequently any proportion or ratio may 
be expreſſed as a fraction; therefore the ratio 
8:1, or 7: 1 as fractions, will be + or +, or 


fractions by multiplications; and their reverſe for 


fractions by diviſions, which are 4 and 4, theſe 


forms will very properly expreſs either ratio. 


I ſhall uſe all theſe forms in their proper places, 
and hope the different ways won't cauſe any confu- 
ſion, ſince they are explained here. © 

In every train propoſed or given, there is always 
given the ratio of the firft to the laſt wheel, which 
is the number to be broke into factors, for the pro- 


portions of your intermediate wheels, between the 
PIES ; | | firſt 


oF RA TN Jy as 


firſt and the laſt, Thus in the trains of clocks, to 


ſhew hours, &c. the train is 3600, which divided 


by 60, for reaſons before ſhewn, gives 60 to be 


broke into factors, for the proportions of the in- 
termediate wheel, between the ſwing and centre 
wheel, for the ratio of the centre wheel to the 
ſwing wheel is 60: 1; if we chuſe, we may let 
theſe two do and haveno more; but if we take the 
pinion 6, the ratio will be 360: 6; and if 8, 
480: 8; ſo the numbers being too high, we muſt 
break the ratio into two others, or more, ſuch as 
we chuſe ; but this is done by finding the factors 
of ſixty, equal to the number of proportions re- 
uired. 

| 46. The trains of all time-keepers are moſtly 
broke into parts, viz. from the motive force to 
where the firſt diviſion of time is ſhewn ; and from 
the firſt diviſion to the next, &c. So that in any 
train, you are firſt to conſider how long your piece 
is to go, longer than the time of your firſt diviſion, 
which is the firſt part of your train; and to be 
calculated by itſelf, without any connections with 
the part above the firſt diviſion. Alſo if the part 
above is to ſhew parts of the firſt diviſion, then 
the calculation is to be made between the two di- 

viſions, and ſo on for any number of diviſions. 
For example, the train of all common clocks is 
the ſame above the centre wheel, if they are to 
ſhew minutes and ſeconds; the only difference be- 
tween an 8 day and a 30 hour, being in the differ- 
ence of time of their going, and not in the train 

above the firſt diviſion. _ 2 
How confuſed muſt it be then, to have rules 
laid down to calculate the whole train at once, as 
if your piece was to ſhew no diviſion but its laſt, 
as is done by Mr. Durham and others ; pla 
| 4 mode 
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mode of calculation, has been followed by moſt 


of our buſineſs that I have met with. -/ + | 

47. The ratio of the main wheel in clocks to 
the centre wheel, is determined from the diameter 
of- the barrel or pulley, and the height of the clock 
movement from the ground; if the pulley wheel 


goes round 10 times in 30 hours, then the ratio of 


the wheel to the pinion will be 3: 1; or if it be 
15 in theſame time, then the ratio will be2: 1. 

In 8 day clocks, the barrels have 16 turns, or 
2 turns to one day, and, which is the ſame thing, 
1 turn to 12 hours, or the centre wheel muſt go 
round 12 times. for the main wheel once ; fo their 
ratio will be as 12: 1. But to put this ſtill plain- 
er, divide the number of hours of the clock's going 
by the turns, gives their ratio; or the ſame divided 
by their ratio, gives the turns. For 30 hours, let 


the hours be divided by 10, or 15 gives 3 or 2; the 


hours of the 8 days are 8 & 24 = 192; which di- 

vided by 16, gives 12 for the ratio, &c. N 
48. Now the other branch of the train, is the 
fame in all other clocks that ſhew ſeconds, &c. or 
has the train of ſeconds, the train being 3600; if 
the ſwing wheel be 30, then 3600 muſt be divid- 
ed by 2 x 30 or 60, which gives 60 for the revo- 
lutions of the ſwing wheel in one hour; as the 
fwing wheel muſt go round 60 times for the cen- 
tre wheel once, the ratio of the centre to the ſwing 
wheel will be 60: t ; this. being too high a propor- 
tion, 60 may be pur into two other ratio's, which 
will give the fame ; 60 may be put into the factors, 
6, 10, or 8, 72, which laſt pair are moſtly uſed: 
Now the ratio of 60: 1, is broke into the ratio's 
of 8:1 and 72: 1; which ſhews, that there is to 
be an intermediate wheel between the centre and 
fwing wheels. The ratio, between the centre and 


middle one, will be 8: 1; and the ratio between 
g the 


; \ 
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the middle and ſwing wheel, will be the other 
pair, 72: 1. . BEE LEE. 

49. We are come now to the proportion of all 
the parts of the watch part of an eight day clock; 
it perhaps may ſeem more agreeable to the learner, 
to place the ratio's fraction-wiſe, as has been done 
by ſome writers on this ſubje& ; the whole will 
appear thus, 12: 1, 8: 1, 72: 1; or as fractions, 

1 e | 
a2 iid 3 | | 
Theſe expreſſions, 21:1, 8: 1,75: 1, are on- 
ly the proportions of each wheel to its pinion of 
the train; now it may be ſaid, how ſhall we come 
at the teeth of each? As the expreſſions are pro- 
portions, and-all proportions will be in the ſame 
proportion, when equally multiplied by (Cor. 2. 
30.) therefore any number may be aſſumed at plea- 
ſure, for the number of the pinion ; and if the 
ratio be equally multiplied, then both wheel and 
the pinion which it drives will be found. As for 
the firſt pair of 12: 1, let eight be taken for the 
number of the teeth of the centre pinion, the 
main wheel will be 96, or both wheel and pinion 

ill be expreſſed by the ratio thus, 96: 8, or thus, 
| 56 alſo the whole train will be (when numbers 
are taken for the pinions) 06. 5 — 1 

50. In the ſame manner is the clock part diviſa- 
ble into two branches, viz. above or below the 
hoop, or detent wheel; for as that wheel goes 
round once for one hour, the ſame train will do for 
its regulation above, as does for the centre wheel 
of the watch part, or 60 will be the ratio between 
the hoop wheel and fly ; that is, if the fly go 
through a ſpace that ſhall equal the tune _— 

e 
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ed by the piece. The beat of a clock, being ſuch 


an 'agreeable and equal found to the ear, every 
ſtroke in houſes ought to be the ſame, or mea- 
. 3 

If the fly can be made to obſerve the ſame num - 


ber of revolutions as the ſwing wheel, and in pro- 


portion to the beats in one minute, then the train, 
which is uſed for ſeconds, will do for that of the 
ſtrik ing train above; and in general, if all clocks 
were made, that the trains above in both parts 
were the ſame, then the beats and ſtrokes would 
bear a regular proportion to each other; admitting 
the ſwing wheel and fly made the ſame reſiſtance, 
and that the pallets were taken off to let the clock 
run down, then the minute hand ought to go 


round in the time of one ſtroke of the hammer. 


But as ſome chuſe flies of a greater diameter 


than others, then the train muſt be lower as the fly 


increaſes, re Hig reverſe ; therefore ſome have 

the train above the hoop wheel higher than 6o, 
and others only that number, If 60 be choſe, then 
it may be broke into the proportions of the watch 
part, viz, 8: 1, and 75: 1; thoſe that chuſe 72, 
moſtly uſe the proportions ꝙ: 1, and 8: 1, which is 
A cee. e Et, "05 | 
If the ſpace be too ſmall for to admit of a fly, 
then the train muſt be increaſed to make up that 
want, ſuch as thoſe for watch repeaters, where we 
have no more room than for the bare running of 
„„ JJV 

51. For the part below the hoop wheel, by 
arithmetical progreſſion in (37) the ſum of the 
ſtrokes in 12 hours is 78; now if the ſum or num- 
ber of the pins be aſſumed, and 78 be divided by 
them, then the quotient will give the number of 
turns of the pulley wheel in 12 hours; and the 
| | 4 number 
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umber of pins determines the ratio of the pin 
yheel to the hoop wheel. In a go hour piece, the 
dins are moſtly 13, then the ratio is 13: 1; and 
f the pinion be aſſumed 6, the pin wheel will be 
bs; or the wheel and its pinion 78: 6, the whole 
rain may be repreſented as in ( 49.) 

52. As the time of your pieces going increaſeth, 
o doth the power decreaſe on the pin wheel; there- 
ore the pins mult be leſs in number; ſo that if you 
ake your pins 8, then the number of turns of 
our pin wheel will be 94 in 12 hours (found as 
before) and the ratio of the pin wheel to the dit- 
ent wheel 8: 1; alſo as the pin wheel will go 94 
imes round in 12 hours, conſequently it will go 
round for the barrel once; ſo that the ratio be- 
veen the barrel and the pin wheel is given equal 
o 92:1, Hence we have the whole proportion 
f the clock part of an 8 day piece, and it may 
e expreſſed as before, in the watch part thus, 
1:1, 8: 1, 8:1, and 72: 1, or fraction- wiſe, 
: WFT 

eee 36. 4 
in (49) E 9 7 Ra al 
med for the pinions, then —Þ 77 54 56 will 
e the whole train of the clock part, both of the 
heels and pinions. Ws: „ 

53. For any other train of a longer continu- 
nce, the alteration is only in the lower part of the 
rain, as for a month piece, or 32 days; the ratio 
fan 8 day piece is (by 49) 12: 1 ; now to multiply 
ny ratio, is only to multiply the antecedent of the 
atio thus, 48: 1, is 4 times as great as 12: 1; 
erefore in a month piece, the ratio of the barrel 

the barrel have the ſame number of turns) or 
ain wheel to the centre wheel is 48: 1, 48 bei 
0 high a number — wheel to multiply by 

5 e n 
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it muſt be broke into factors, 8 and 6 offer then, 
| ſelves as fitteſt, 8 for the main wheel, and 6¹ 5 
the intermediate wheel, between the barre] and 
centre wheel; now the ratio 48: 1, is broke int 
the two ratio's 8: 1, and 6: 1; ſo the whole tray 


| N C t 
of a month piece will be 4» 7> g 575 8s the t 
ratio's of the main and intermediate wheels af * 
low, the pinions may be taken high numbers, a l 


e 5 


54. The train of a year's piece, with 16 turns, i 


| 7 | Pry. I la 
found after the ſame way, for it is 12 times t .. 
ratio of 48: 1, or 576: 1; it is plain from wha 90 
goes before, that this ratio may be put into tell © 
ratio's 12:1, 8: 1, and 6: 1; now there will, i ; 
a year's piece, be two intermediate wheels, and th ye 
; i 8 E 8: 
whole train will be -—> * 5 r. lj 4s 


the fame method may the clock parts be calf 6: 


lated, only calculating. from the dittent where we 
thus if the barrels have the ſame number of tum ma 
and your pins be the ſame, then you have no mou cal 
to do, than multiplying the ratio of the laſt 8 d 12 
piece, viz. 9: 1 by 4 for a month piece, or bl the 
12 N 4, for a year's piece; and then breaking ti ! 
antecedents into 2 or 3 ratio's, as ſhall be thougi div 
convenient. For a month piece 94: 1, multiple bar 
by 4 is 39: 1; let 39 be broke into the factonf 25 
5+ and 7, ſo the train below will be 7: 1, 5+: le 
and 8: 1; let the pinjons be taken nine and tu of 
ſevens, the wheels will be 63: 9, 39: 7, 56% we 
For a year's piece, the ratio will be 48: 1, whicbrol 
may be broke into the factors : T, 8: 14 and 65: the 
If you ſhould chuſe your pins of a different num and 
ber, find the ratio of the pin wheel to one turn a 8 
FI | : | | youut e. 
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your barrel (1 which is determined from the number 
of 12 hours in your pieces going) then you have 
the ratio of the barrel to the pin wheel as. before. 

If the pins be choſe nearer the power, then as 
the wheel, on which they are, is much ſlower, 
the pins muſt be more in number; and in gene- 
ral, the number of pins are inverſe of their diſ- 
tance from the power, ſo that let the pins be pla- 
ced where you will, the ſum (geometrical) of the 
train, both above and below the pin wheel, is al- 
ways the ſame ; therefore, as I ſaid above, calcu- 
late the train below the pin wheel, and then the 
governing train above; and as the trains of the 
going and ſtriking parts bear a regular proportion 
to each other when the train is aſſumed for one 
part, the ſame may do for the other. Thus in a 
year's piece, the watch train is 12: 1, 8:1, 6:1, 
$:1, and 74: 1 ſo we may place the pins upon 
any of the proportions, viz. upon 12:1, 8: 1, 
6:1, &c. if we take them in proportion to where 
we place them; but as none of the proportions 
may anſwer to the ſtrokes in 12 hours, we muſt 
calculate their place for 12, or ſome number of 
12's, and the other part of the train muſt be for- 
the regulation of the train below. | 

Let the piece be of 368 days continuance, which 
divide by 16, gives 23 days for one turn of the 
barrel ; this multiplied by 78 X2 or 1 56, gives 
3688 for the number of ſtrokes in one turn of 
the barrel, which, divided by ſix, the number 
of pins, the- quotient 398 will be the ratio be- 
tween the barrel and Pin wheel, and which may be 
broke into the ratio's 11: 1,9: I, and 6: 1, as 
9 725 neareſt ſet; the train above may be taken 8: 1 
and 74: 1. 

Suppoſe. the pins wete 2 ae then the ratio between 
the Fi wheel and ATE il be 156: 1, or in 

FRE" | yo. 
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two ratio's 13: 1, and 12: 1; if the train of the 
watch part be divided by 156, it gives 221.5 to 
be broke into 3 ratio's for the train above. As to 
the correcting of trains by proportion, as laid 
down by Mr. Durham, I think it intirely need- 
leſs; for when you have calculated as near as you 
can for the time propoſed, if it does not come out 
exact, then your piece may be made for a ſmall 
matter more than the time propoſed. Thus, ſup- 
poſe we calculated for 365 days, the piece will be 
no worſe if it goes ſome days over; therefore 
368, 9 or 12, &c. &c. if their numbers come out 
agreeable to the workmen; may do for the piece 
deſigned for 365 days, or year; but when parti. 
. cular parts of time are wanted, then we muſt cal. 
eulate them ear... n 


To add more on the trains of ſtrikers, would 


only ſeem madnefs, as a clock of eight days is as 
far as any prudent perſon will deſire to be endan- 
gered with, as will appear from the next article. 
55. The method of writing trains like fractions 
is very uſeful, for it gives an idea of the great in- 
creaſe of weight to move the laſt cauſe of reſiſt. 
ance; when the centre wheel has gone once 
round, the main wheel has gone only one tweltth 
of a round; and as it is the ſame with all the reſt 
to the ſwing wheel, according to their reſpective 
proportions, conſequently the compound fraction 
22 of + of +» will expreſs the parts of one 
turn of the main wheel, which is equal to 
one turn of the ſwing wheel; and multiplying 
them altogether, gives +2, for the reduced frac- 
tion or the ratio, which is as 720: 1; fo that 
whatever force will keep a pendulum moving at 
the extremity of the teeth of the ſwing wheel, 


720 times that force muſt be applied to the barrel, 


to maintain the ſame motion in the ir 


eee 
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| 
| 
| 


8 


r „ ww 


OF: TRAIN S G 02g 


This is upon the ſuppoſition, that the diameter of 
the barrel and ſwing wheel are the ſame, and that 
all the parts could be moved without fraction; 
but more of this hereafter. . EE. 

56. In watch work, the trains are the ſame as 
in clocks, having two parts below, and above the 
centre wheel; but watches ſeldom being made to 
go longer than 30 hours, the lower part is always 
of one ſort, and the part above is a much higher 
number or train; for in clocks, the pendulum is 
a momentum equal to ſeconds; but in watches, not 
having the ſpace, we are obliged to equal the mo- 
mentum by a number of leſſer momenta, which 
ſhall equal that of the ſeconds. pendulum. The 
moſt, approved train is 18.000, which gives five 


ſtrokes in one ſecond of time, and the train which 


is uſed in common watches is 17280, or 4+ 

ſtrokes in one ſecond ; conſequently. this laſt train 

can only tell the exact time in every five ſeconds. 
57. As watches are made to go only 30 hours at 


one winding up, if you fix upon the number of 
turns of your fuſee, and divide the time of your 


watch's continuance, or 30 by the number of 
rurns, the quotient gives the ratio of the main 
wheel to the centre wheel pinion. As 30 divided 
by 72 turns, gives 4; therefore the centre wheel 
muſt go round 4 times for one turn of the fuſee, 
or their ratio will be 4: 1. Again, if the number 
30 be divided by 4, it gives the number of turns 
in the fuſee, this is all that conſtitutes the lower 
part of nn . 8 

58. The part above, is to be fixed on from the 
number of beats you intend to have in one hour, 


» . * 


which may always be known to pleaſe the fancy of 


any one, whether a greater or leſſer number may 


be choſe; for as the time of one ſecond is known. 


a clear idea of the ſame. may be had when it is di. 
8 11 


M 
g 1 


ere tea ci - 


r 


. 
em a>. 
- \ 


. 4 I _ 8 . 


* 4 {ao Edd Fl 3 Tex doe TI ria 
OO ESE oe Eun He a7 . —T—T—T—T——— = IS Z 


'wat tick flat, Fi 


TFAS 


134 CALCULATION 


vided into 4 or 5 parts; and as the ſeconds in one 
hour are known always to be 3600, if this num- 


ber be multiplied by the parts or beats you intend 


in one ſecond, it will give your train; for 3600 
multiptied by 4, gives 14400; and the ſame-num. 
ber multiplied by 44, gives 17280; alſo when 
multiplied by 5, gives 18000 ; which laſt is the 
Harriſonian train, and one "of the veſt for a ſhort 
oſcillatory motion. 13 

Your train being fixed on as above deſcribed, it 
muſt be divided by two'times the number of the 
teeth of your balance wheel, and the quotient 
ſhews the number of turns of the balance wheel 
in one turn of the centre wheel,” or which is the 
fame in one hour; conſequently, es the turns of 
one to the other is given, their ratio is given too; 
as for example, divide 17290 by 2 X 13 or 20, 
and 576 is the quotient,” or number of turns of 
your balance wheel, in one türn of the centre 
wheel; therefore their ratio will be 576: 1. Now 
this ratio may be divided fato any number of ra- 


| tio's, as it Is done in the common way into three 


irs, viz. of the centre to the third, and the third 

o tlie fourth, and the föhtth to the fifth, or o 
2 — wheel; which ratio's ate 9: 1, 8:1, and g 
the ſame: way as was made uſe of in eck work; 
and the pinions may be aſſumied as before, which 
when taken (as in dur common form) they will be 
54: 6, 48 6, and 48: 6 or if the pinions be 7, 
then 67: + 3s 2 56 7, and 56 7: if the pinions be 
8, then the three ratio's, to expreſs both wheels 
and pinions; will be 72:8,"64 :8, and 64.: 8, and 
a, Bk Be 81:9, 72:9, and 72:9. 

ns, for the fake of Waking 

c. that the balance wheel mutt 
have aTiffall numberof teeth in it, then the other 


(Ret ratio s will be w/e] as if” the San of the 


wheel 
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heel be 1 1, then the train 17280 muſt be divid- 
d by 22, and gives the quotient 785.,, or in de- 
imals 78.545 3 let it be divided by 10 for the 
Erit ratio, gives 78.545; this laſt divided by g for 
the next, gives 8.72 for, the laſt ratio; ſo that 
185.45: 1, is put into the ratio's 10: 1, 9: f, and 
5.72: 7, the laſt of which being 8, and near three 
quarters, may be called fo without any great error, 
hen the ratio's will be 84: 1, 9: 1, and 10: 1. A 
umber muſt be aſſumed for the pinion of the firſt 
ir that will leave no remainder, as 70: 8, 72: 8, 
bo: 6. As flat watches are generally made of a 
ood ſize, the wheels will admit of this train, and 
is as good as need be, for thoſe that are made af- 
er that convenient fancy. b 
60. Some are made very ſmall with the ſame 
rain for curioſity, or to pleaſe the Indians, &c. 
uppoſe the balance wheel to be 9, then the divi- 
or will be 18, ſo the quotient will come out this 
ommenſurate number 960; it is evident, that this 
umber will be too high for ſmall wheels, if only 
ut into 3 ratio's; therefore it may be put into 4 
airs, the firſt that offer themſelves are 8: 1, 6: 1, 
1, and 4: 1; if the pinions are taken as before, 
I ſixes, then the wheels and pinions will be 
8:6, 36:6, 30: 6, and 24: 6, which are a very 
roportionace ſet for a ſmall watch; but as there 
wheel more than in the laſt, the verge will 
ive the pallets reverſe, or one of the wheels muſt 
e made to act concentric (a) to the pinion; then 
ie verge will be as common. | 
K 4 61. Again, 


(a) The common meaning of the. word concentric, is of 
o wheels in the ſame centre, but I ſhall make bold to uſe it ' 
th a greater latitude of meaning, to prevent a circumlo- 
ton, If one wheel drives another, the one driven has its 
jection reverſe of the driyer, when its centre is out of the 

| = diameter 
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4061, Again, if che piece ſhould be choſe to he 


9 ſtill less, Orlas mall as the third wheel of a con: 


mem warch „ait may be done by increaſing ite 
Humber of. che heels? as for example, let the 
balance wheel have 5 teeth, then the diviſor will 

= Be 10; and 17280 divided by the ſame gie 
518, Which put into ratio's of 5 pair, will b 


16 13: 6:2: 1, 4 1, 4: rand gt 1. If the pi 


nions be taken fives, then both W Pinion 
Will be 30: 3 30: 6 40 6, 20: 3, and 15: 5; 

J and in this train the verge will ſtand as in comma 
ones. IT thoſe who are obliged for bread to mak: 
Avch! pieces, the beſt method would be to make 
then with lower trains; as ſuppoſe 7400, dividr 
\ 1 as before, leaves 720 for g pairs of ratio's, a 
> 3 2 15 4 1, 4 : op 321, 321 The objection 00 
cheſe low trains is the momentum of the balance 
+1 1 not ing through ſo large a ſpace requires: 


: great weight, more than is conſiſtent with a piete 


f ſuch a dwarf breed; but to remove the objec 
, - 10 tion, the ſpace of the nee may be increaſed, 
by which abe weight wah be ene to the 


Watch. 


Air 8 that goes ah a common verg 
from its principle can only move a quadrant, a 
fourth part of a circle; by the accelerated motion 
it goes another quarter at one vibration, therefor 
the whole ſpace of one vibration is a ſemi-circle 
and the whole circle is the ſpace of two vibrations; 
conſequently the ſpace of five ſtrokes is 2.5 circles 
but five ſtrokes are equal to one ſecond. Therefore 
if our balance be made to go round three times at 


| "WEIS of the driver; but Ek within the Ss: has its 

direction the ſame way of the driver, which produces the 

-- ſame motion. as when their centres are the ſame ; therefore 

the word concentric may properly mean a motion to the ſame 
Parts, as excentric * to nn parts, Y 


one 
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one ſtroke, the momentum, with a proportionate 
weight to the ſize of the watch, will be ſuperior 
to this of the common train; and the train may 
be as low as ſeconds. In place of the balance 
wheel, if two wheels be put, and one half of 
each be cut away, ſo as to make the parts left not 
unlike the curb wheel of a watch; and if they be 
placed oppoſite to each other, and parallel, at 
ſuch a diſtance as to allow for the ſtaff of the verge 
to go between them; alſo if the wheels be cut in- 
to 24, the half will contain 12; if a pinion at 
one end of the verge has four Mech in it, then the 
balance will go round three times in one ſecond, 


ide or three times in one - ſtroke; and the balance 
„ 0 wheels will' go round once in two ſeconds; there- 
n 1 fore, if 3600 be halfed, leaves 1800 to be divi- 
nee, ded into a train of wheels, which, when put into 
es 1 ratio's, gives five pair, 6: I, 5: 1, 5: I, 4: 1, 
lece 3 : 1. This contrivance, like all others, has its 
je: objections; for if the balance be made of ſuch 
fed, a weight as to nearly equal the motive force, the 
the danger is in its ſtopping the wateh; but they 
may be made with eaſe to pleaſe thoſe they are ge- 
ge nerally made for. 1 | 
, Or 62. If high trains be the beſt, 18000 is one of 
tion the beſt of that ſort, as it admits of ſuch an exact 
ore admeaſurement, with ſeveral other peculiars that 
cle are ſelf-evident. Let it be required to fit it to a 
ns; common watch; firſt divide it by 2 X 15 gives 
les; boo to be put into three ratio's; one ſet is 10: 1, 
ore 10: 1, and 6: 1, but the firſt two are too big, and 
8 at the laſt too little; divide 600 by 9 for one, and 
| then by 84 for another, leaves 8 for the third; ſo 
* the ratio's are 9 : 1, 8: 1, and 8: 1. If the pi- 
ane nions be taken all ſixes, then the whole train will 
ume be 54 : 6, 50.: 6, and 48: 6, which is as good a” 


ſet as need to be choſe for a common watch. 
8 | | 63. When 


\ 


pe 
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63. When ever ſeconds are wanted, the laſt train 
is the beſt to ſhew them, as it meaſures an aliquot 
part each ſtroke; to fix a train to ſhew the ſecends 
1s all in the upper part; for as the centre wheel 
goes round once in one hour, the ſeconds muſt be 
ſhewn ſomewhere between it, and the balance, 
&c. therefore it may be fixed at any of the inter- 
mediate wheels. Firſt, to fix it at the third 
wheel, as the centre wheel goes round once in 60 
minutes, the third muſt go round ten times for 
the centre Wheel once; and if the third drive a 
cannon pinion fix times for it once, then the two 
ratio's 10: 1, and 6: 1, will be equal to ſeconds; 
alſo the cannon pinion will go round the right way. 
The objection to ſhewing feconds this way, is the 
ſhake of the pinion in the wheel, that it is hardly 
poſſible to tell by the hand to two ſeconds or 
more, beſides its being too near the motive force. 
To ſhew feconds from the contrate wheel, let the 
fame ſer be uſed, and if 6: 1 be taken for the 
eentre wheel, and 10: 1, 10: 1, for the other 
two wheels, then the contrate wheel will go round 


once in a minute, therefore will make its revolu- 
tions in the ſame time that the ſeconds wheel muſt 


make its revolutions; but the ratio of wheels are 
as their revolutions in the fame time. - S6 the ra- 
tio of the contrate wheel to the ſeconds is as 1: 1; 
therefore any number may be taken for one as well 
as the other. As the ratio of the centre wheel to 
its pinion is only 6: 1, the pinion may be 10; 


and if the other two be taken fixes, then the 
whole. train will be 60: ro, 60: 6, 60: 6, and 


1: x, for the dial ſeconds: If the other train in 


(62) ſhould be Hked better, it may be uſed, for 
g * 8 75; fo that the contrate wheel will 
go round 14 in a minute; therefore the ratio 
of the contrate wheel to the ſeconds, will be 
as 1: 14. If any number a multiple of 4 be 


choſen, 
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choſen, as 40, for the teeth of the wheel on the 
contrate wheel arbor, then the ſeconds will be 
40: 50. But here it muſt be noted, that the 
contrate wheel will ſhew ſeconds the.. back way 
about; for every wheel revolves about its axis 
the reverſe of the one immediately before it, or 
the reverſe of that which drives it; ſo that if the 
centre wheel go round forward, the third wheel 
will go backwards, and its ſeconds right; by the 
fame law the contrate wheel muſt go to the right, 
and the wheel which it drives to the left; fo of all 
others. To remove this inconvenience, we mult 
have another wheel of the ſame number of teeth 
of that on the contrate wheel arbor; which inter- 
mediate wheel will turn the ſecond to the right; 
or it may be removed, by making any of the 
wheels from the centre wheel concentric to ita 
driver. Thus, if the contrate wheel be put with- 
in the third wheel, it will go round the ſame way 
of the third wheel; and by what has been deli» 
vered under the third wheel, it will drive the ſe- 
cond's Wheel right way about; yet the watch muſt 
have a left hand verge, or the contrate wheel - to 
work at the outer end of the balance wheel 
pinion, | T9 

64. Laſtly, to fhew ſeconds from the balance 
wheel; and by the ſame train, as it goes round 600 
times in one hour, or 60 minutes; if 600 be di- 
vided by 60, gives how oft the balance wheel goes 
round in one minute, and gives the ratio of the 
balance wheel pinion to the ſeconds which it is to 
drive, or gives 1: 10; ſo that if the pinion be 6, 
the wheel will be 60; but the wheel cannot run 
in the poſition of the common ones, but muſt be 
in the form of an horizontal, having two wheels, 
one concentric to the other, and the verge at right 
angles as common, but ſunk on the outſide of the 
pallets inſtead of the inſide. Watches made = 

is 


f 
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po be ſuperior to thoſe on the com- 
form {for che wheels being concentric, and 
movi ing circular to the verge, have near double 
the commafid over itg to what the balance wheel 


has in the common way; conſequently will move 
| the Palanèe through: rwice the ſpace, though the 


motive force may be diminiſhed more OG 4n the 
come way. H99tw.211 10 Lan 

65% The train of anhorizontal cis, in common 
16908 if the horizontal wheel be 13, then di- 
vide the train by 26, che quotient gives the revo - 


lutlend of che rk wheel as before, which is 6:0, 
This miiſÞ®be) broke into factors, which will be 


97 82. ad 8 8 ſo the three ratios: will be 9-: i, 83 
77, Hd/$2247 If che pinions be aſſumed equal to 


| | 6: Heh the wheels will be as uſual, 584: 6, 52: 6, 


and 501 6. As the zth, or horizontal heel will 


80 robnd 6g 980 times in one hour or 69 minutes, 


en will go round 10 in one minute; therefore 
e ſeconds will be inverſely, as 103: 1 ; 
rare pinion head be the ſame number of 

PN bog by: the fourth wheel, the ſeconds, will 


1 rv — 6g, as before in the common 


hꝗ the above train be moſtly in uſe, 

ny tte higher may! be uſed even to 18,000,. for 
any number may be put in the cylinder wheel; 

lat its diameter may be diminiſhed to preſerye the 

motihe forte equal to what it is in the common 

ACS I Will preſerve it) or if not quite equal, the 

balance may che. made leſs and lighter, if the cy- 


Hader wheelbeog;! then 181 will be the diviſor of 


8, oc und gives 1000 for the revolu tions of the 


Sch heel, latdi:theiratio's: 10 1, 10 1,10 : I 


Wil be the train; alſo the ſeconds train will. be 
167 t inverſe; o: 16. I have uſed. this train 


withrtheſe fatio s roi: 1, 10: 1, 9: 15 and the ſe- 


=p coñds 15 „ 111 4 „ which has ſome 


peculiar 
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eculiar advantages to the workman, as will ap- 
pear hereafter; What is delivered upon trains. will 
be ſufficient for the learner; by following the rules 
here laid down, he will be able = form: any, other 
that may be required. ” 46 omMmeE? 501 ni. and 
66. It may not be amiſsco, fan 2 little upon the 
dial work and the day of the month zt o ſhew 
hours, as the hour hand or its wheel is to, go quad 
once in 12 hours, conſequently the ratio; of, the 
hour to the minute hand is 12: 13 therefore if 
the minute wheel be equal to the cannon pinion, 
as in clocks, then the ratio af the hour wheel to 
the minute nut will be 1: 12. If 6, beſ taken for 
the nut, the numbers of both will be as in. clocks, 


— 


viz. 6: 22. As 72 is too great a oumben for the 


hour wheel of a watch to have in it, che ratio of 

12 may be put into two other ratio's, that will 
anſwer the ſame purpoſe. It may be put. into 
x: 3, and 1: 4, or 1: 2, and 13 63 the, Grit ſet 
are uſed in common, and the cannon e, 10, 
and minute nut 12; then the expreſſion of the 
wheels, &c. is of che minute wheel and cannon 


pinion 10: 40, and the hour wheel, &c, 12; 36 


or if the cannon pinion and nut be taken both 


equal numbers only, then we may have as many 
forms as we pleaſe from them alone; thus, if 12, 


12: 48, hour wheel 12: 36; if 13, 13 52, and 
hour wheel 13: 39; if 14, 14 : 56, hour wheel 


14: 42 3. laſtly, if 15, 15 : 60, hour wheel 

15: 453 and fo on, may any number of ſets be 
found at pleaſure. How it came at. firſt for the 
ratio of 1 : 4, to be uſed to the minute wheel and 
cannon pinion, I cannot tell, but that it ſhould be 
continued by thoſe who make it their ſtudy to 
make the hour hand ſtand exact to true time, is 
ſtill more to be noticed; for let the hour Wheel 


have whit ſhake you chuſe 1 in the minute nut, it is 
evident, 


Py 


nere 
evident, the farther that ſhake or error of work 
manſhip is from the centre, the leſs it will appear 
in the hour hand; therefore if the cannon Pinion 
to the minute wheel have the ratio of 1: 3, it 
will be better than the other of 1: 4. A fer of 
this fort; if 15 be taken for the number of the 
cannon pinion, will be 16: 48, and 12 for the 
minute nut; then the hour wheel and nut will be 
12: 48. Upon the ſame principle the other ſet 
is better; viz. of 1: 2, and 1: 63 let the cannon 
pinion be 24, then the minute wheel will be 48; 
and if the minute nut be 9 or 10, we ſhall have chis 
ſer, 24: 48, hour wheel, &c. 9: 54, or 10: 60. 
I have had watches made with dial * on this 
plan, and executed no better than common, in 
which the ſhake of the hour hand has hardly been 
perceptible. See (223.) 
67. To fhew the day of the months firſt,” as 
- the hour wheel goes round once in 12 hours, if a 
wheel be made to go round once for the hour 
| wheel twice, it will ſhew the day of the month; 
| or move any contrivance to ſhew it once in an ar · 
ttf,icial day, the common methods are well known 
4 to clock-inakers. To ſhew it by the year, or to 
make the hand go round the circle only once a 
_ years is beſt done by anendleſs ſcrew work; as end- 
1 leſs ſcrews are the beſt method of dividing time, or 
ing a flow motion in all the ſcience of me- 
chanics. To apply it to our preſent caſe; firſt di- 
- vide 365 by its greateſt diviſor, which is 3, and 
| the quotient is 73. Now if a ſcrew be made with 
 - leaves at one end, and move a wheel of 73 
| | teeth, then the wheel will go round only ance a 
| year; for it is evident, that the day of the month 
wheel wit only move one of the leaves in one day, 
two leaves in two days, &c. and in five days the 


ferew will br moved round but when the ſcrew has 
5 moved. 
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moved once round, then one tooth of the wheel 
is moved, therefore in 73 X 5 the whole teeth will 
be moved, conſequently the wheel will have gone 
round in the ſame time. 

There are ſeveral fimple contrivances in ſhew- 


ing the day of the month; ſuch as by the pe- 


vots of the fuſee, N on the dial. or by 

a month circle upon the cock head; or laſtly, by 

the keys invented by the late ingenious Mr. San- 

derſon. 

From the foregoing method of Gbr 

trains, we may perceive what a ſimple matter it 

is; and that it is much eaſier than when the num- 
bers of the wheels and pinions are uſed ; tho* they 
be improper to be uſed till the train is calculated, 
yet when it is, they ate uſeful to find the quantity of 
the train; in a piece already done, which may have 
ſome. miſtake in it, or to alter one train to ano- 
ther. All trains from one wheel to another are 
the expreſſions of the revolutions of one wheel in 
one of another; and when the ſeveral intermediate 
ratioꝰs are multiplied together, their product gives 
the ſame; whether they be expreſſed as a'fractiion, 
or in the form of proportions. Alſo: ſince. all 
numbers are in the ſame proportion when equally 
multiplied, conſequently we arrive at this general 
rule for the quantity of a. train of any piece that is 
finiſhed, viz. multiply all the wheels together, 
and divide the product by che product of all the 
pinions, it will give the revolutions of the laſt 
wheel in one of the firſt; or the reverſe, if the 
product of the pinions be divided by that of the 
| wheels, it gives the part of a revolution of the 
firſt in one of the laſt. 

Thus ſuppoſe we had a trajn. vihurhe wheels 
59s. 34, and. 50, and tlie pinions all ſixes, to find 
tho train firſt multiply go. gr wp 97a „they 

give 259300, which divided by 


I = &> . 


— K r 1 
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6x6 = 216, 
gives 


e. 
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gives 734.2, for the train of ſuch a piece; if this 
train was to be brought to a common one, or al- 


tered, that the balance wheel might make only 600 
revolutions ; in an hour, then we muſt find the dif- 
ference between them, which is 134.2. Now the 
wheels and pinions are to be altered, ſo/as to make 
134. 2 revolutions leſs in a hour; but there can 
hardly be any regular rules delivered how this 

muſt be done, as it admits of ſo many different 
3 of doing it; therefore he will do it. beſt, 


who can do it with the leaſt expence, and to the” 


proportion of the deſigned piece. What is ſaid 
bf the above, may be ſaid on all ebenen under the 


5 ſame form of altering. th 


But the moſt general anthods? are; gelt, if the 
train be too high as the laſt, that then wheels 


muſt be diminiſhed and pinions increaſed; and if 


the train be too low, then the wheels and e 
mult be altered the reverſ. 
Again, find the ſeveral ratio's of the givon train 


from the wheels and pinions, by dividing the 
wheels by the pinions; which ratio's when found, 


compare with thoſe of the train you would alter 
it to, as in the example; the ſeveral ratio's are 
95: 1, 9:1, and 84: 13 the ſeveral; ratio*s: of 
the train 660, are 9:1, 84: 1, and 8:13 \there- | 


3 25 we find that they differ in the pair 98: 1, and 


8 13 ſince 98: 1 is to be reduced to that of 


9 10 we may ſay, as 8 1259 7. There 


fore by altoring the pinion, e may come near with 


à pinion af but to keep: the. wheel and pinion 
in a near | 


to the ſize of, thei: teeth, 
make a wheel of 56, and a pinion of ). 
To alter it by a Wheel only, ſa „ A8 4»; 8.5 6 
to 48, for che teeth in the Wh elt. 
This is the moſt general method chat can be tad 
down. for che — of . * which ee 
ave 


? 
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have followed; but when a piece happens from 
its number of teeth, that a ſingle wheel or pinion 


making new will rectify the alteration, then it may 
be done to ſave expence, though the wheel or 
pinion may not be in proportion to the ſpace de- 
fiened by the piece. All that Mr. Durham has 


lad down under this head is comprehended in the 
foregoing ſhort rules and example. 


69. Having ſhewn how to break any train int 
ary propoſed number of proportions, it is proper LY 


to ſhew the advantage or propriety of breaking it 
into proportions ſuitable to their-diftances from the 


power; for in our common watches the main to the 
centre wheel is 4: 1, and immediately after the 


centre to the third is 9: 1, and the two follow ing 


are 8: 1, and 8: 1. As it will appear farther on, 


from the principles of the lever, the power de- 
creaſeth as the revolutions of the wheel increaſeth 
in the ſame time; therefore the power of the 


ſpring on the third wheel is more than is propor- 
tionate to its diſtance from the power; it duld 
have been more analogous to have fixed them 
thus, m. 4: i, c. 8: 1, th. 8: 1, cont. 9: 1; and if 
the pinions had been taken in proportion, we ſhould 


have had this train, viz. 48: 12, 72 f 9, 56 7, 


54: 6. But if the number 376 had been broke 
into the proportions 7: 14 8: 1, and 10%: 1 ,wwe 
ſhould ſtill have been nearer the matter, and the 


pinions taken as theſe, 63: 9, 64 8, and 2 2. 
But this ſet would have been better than the laſt, 


viz. 6: 1, 8: 1, and 12: 1; and the pinions taken 1 
thus, 60: 10, 64: 8, and 72: 6. The pevots, of 
this laſt train might decreaſe as the numbers q, 3. 


2, 1; this method of proportioning of trains is of 
great uſe in ſeconds, where you preſerve the revo- 


lutions to the ſeconds wheel, and by that means 


ſecure the cauſes of err. 1 


1 


re 
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executed, viz. 4: 1, 15': 1, and 10: The oh. 


the proportions and pinions are aſſumed, then the 
number of the teeth is known; and likewiſe the 
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Thus a ſeconds train from the centre whel 
would be better in this orcer, 7: 1, and 8 ;'; 
than in the common one. 

And chis would be better, 62: I, 9: 1, Which, when 
eompleated out for 18, ooo, will be 67 : 1, 9: 1, 10: 
and if pinions be taken 9, 8 and ) 7, we have thi 
beautiful ſet, viz. 60: 9, 72 :8, 70: 7. Upon 
the ſame principle this ſer would be better 32 
12: 1, and 10: 1; and alſo this ſet, it could N 


jections to all theſe forms is the diminitbing of the 
fize of the wheels, that the teeth cannot be cut for 
fuch high numbers, as is required for their pro- 
portions, However, every one may keep at x 
mean/between the two errors, and by that means 
have: a piece that may have reaſon in it. 

But if it ſhould be liked beft to form the 
train, that the teeth of the wheels may be in pro- 
portion to their revolutions and diameters, after 


ſize of the wheel being known from your plan, 0 


then it may be eaſily Aa what is the ſtrength of Wl © 
the tooth; and if fo, you may Judge whether it 


18 f. officient for your power. A 
Thus in the laſt trains, where the contrate 1 
wheels were 72 from (202), the double of which 


18 144, and one third of which is 48; from rea- 0 


ſons there given, add 1 to 48, and we have 49 for Ml © 
the number of parts that the diameter is to be di» MI * 
vided into; this number will give us the real ſize | 
of one tooth, which will be found to be very ſmall, C 

After you have drawn a general plan, and view- W * 


edit for all its objections, then you have the pro- 


0 
portions of the ſizes one to another; as the pro- f 


portions are known, your train may be broke into 


8 8 ſame, by the rule laid down in 45 and * t 


* 


„ 


In our common form, the ratio's are choſe to be in 
the proportions of the ſizes of the wheels; for the 
centre wheel is 9: 1, from its being fo much big- 


2 ger than the third and contrate wheels 3 and they 
are both 8 : 1, from their being ſo near of a ſize. 
dn However, this form of a train is better in that 
„of 18,000, where the number to be broke into 
de factors is 600; for the factors in real proportions 
+ WH to the fize of the wheels are 93, 8, 8, which, 
e when put into proportions, and the pinions aſſu- 
med two eights and a ſeven, we have this ſer, 
„ WW viz. 75: 8, 64:8, and 56 : 7. 


70, I ſhall now add a word or two on the pro- 
priety of high or low trains. After a piece is de- 
ſigned, and you mean to have it the beſt poſſible 
in theory, then it ought to be clearly underſtood, 


6 whether you muſt have a high or a low train for 

our purpoſ ee. 

6 If you have fixed on your laſt motion, or what- 
e may be called your regulator, ſuch as a balance 

„or 2 pendulum, then, by the number of oſcilla- 

c WE tions in the time propoſed, is your train determined. 

: It is well known that a long pendulum is more 


adyantageous than a ſhort one; ſo that a low train 
is better than a high one for clocks. N 
But in watches, where we regulate by a bal- 
lance, ſome have only one oſcillation in one fe- 
cond, and others uſe five, ſix, or more; ſo that 
it ſeems an uncertain matter yet which is the heſt. 
It is plain, that the error which ariſes in one oſ- 
cillation is at its concluſion; ſo that the balance 
which makes one oſcillation in one ſecond has only 
one error, and that which makes five muſt have 
five errors; and if the errors be equal in quantity, 
that muſt be more erroneous which has five, than 
the one which has only one error in the ſame time. 


4 But 
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But all bodies put in motion which are actuated 
by ſprings are accelerated, and the longer they 
are kept in motion the more they are accelerated 


therefore, if a balance which moves through a 
ſemi- circle at one vibration be ſtopped, the error 


of its motion is ſtopped too; and in any portion 
of time, we have as many errors as we have ſtops 
of the halance in the ſame time; but if a balance 
be made to move through five times the ſpace in 
the ſame time before it ſtops, then at the firſt di- 
viſion of ſpace, equal to one of the others, there 
will be the ſame error, and at two diviſions two 
errors, &c. if it moved with an uniform motion; 

but as it is accelerated, conſequently the error at 
the concluſion will be above five; and therefore 
the error muſt be greater in that which makes on- 
ly one vibration in a ſecond, than in that which 


makes more; and it muſt follow from hence, that 


a high train 1s ſuperior to a low one in watches. 

It may be objected, that the one which has the 
fewer oſcillations will be leſs affected by the cauſes 
of error, and conſequently. prevent their coming 


into being; but this objection belongs to an uni. 
form motion, ſuch as a pendulum, and therefore 


not to be anſwered here. 
71. Now we having concluded all that is uſeful 


on trains, to come at the beſt poſſible for true 


time, it muſt now be conſidered from what part 
of the'train'the time will be beſt ſhewn on an in- 


| der or dial for uſe. 


It is plain, that let the irregularities of the 
main ſpring, or any other cauſe, be what they 


may, they are more perceptible in the revolutions 


of the wheel thar is near them, than in one far- 
ther off; for if the ſpring, or any other cauſe, 
make a variation of one minute in ſeven hours 
time, ang. in the ſeventh hour i it Will be rags 

| rom 
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from the centre wheel in one revolution ; but for 
one of its revolutions. the third wheel goes g 
times, and the contrate 72 ; therefore the varia- 
tion will be in 72 revolutions of the contrate 
wheel, and one revolution will contain only .- 
part of the error of the centre wheel; therefore 
the error will be more equally divided farther from 
the power than near it; conſequently it is beſt to 
have time ſhewn farther from the power than at 
any part near it. EE: 
All trains are formed from a continual multi- 
plication of the ſeveral ratio's into each other, ſo 
that when we ſhew time from ſome part of the 
train in going up, it may be ſaid to be ſhewn from 
a multiplying train; and if it be ſhewn by a wheel, 
or wheels, which make only one revolution for 
ſeveral of its, or their drivers, then it may be ſaid 
to be ſhewn by a dividing train, ſuch as ſeconds 
from the third wheel is from multiplication ; and 


ſhewn from the contrate, or any farther off, is by 


diviſion, Hf HOY | | £1 
Now the beſt method would undoubtedly be, to 
ſhew time as far as is convenient by diviſion, viz. 
firſt to run up with a high train, and as near the 
regulation as can be got, and to come back by a 
dividing train, and ſhew the time from it. 

But this has been carried to its greateſt perfec- 
tion by the laborious. Harriſons, who have with 
great ingenuity run the multiplying train up to 
its own correction; for by their multiplying train 
is wound up the ſpring of their dividing one, and 


by that means corrects, itſelf at every winding, 


or rather annihilates the error as oft as it performs 
. 8 
After the multiplying train has wound up the 


ſpring at one end, the other is connected with 


- 


wheels that conveys its power to the balance; as 
; E; 3 the 


from each other. 


AL Uno 
the balance moves it unbends the ſpring, which 


eonveys the beats immediately to the dividing 
wheel, and at a certain period lets the multiply. 
ing train looſe (which has been ſtanding ſtill) to 


perform its office again. If the balance did not 
move, the trains would both be faſt of courſe 
and conſequently as it moves the time 1s ſhewn, 
and by a dividing train, which. is no more influ- 
enced by the other, than any two bodies detached 

By this excellent contrivance there is no accu- 
mulation of error in the multiplying train, nor 
can there be any in the other, ſince they are both 
renewed ſo often in a minute, and at the ſame 


time both have the ſame correction. This being 


the excellence of this valuable contrivance, what 


can be the meaning of Mr. Cumming, when he 


undertakes to depreciate the invention; nay, and 
even ſays, that it is uſeleſs. He muſt poſitively either 
have miſtaken its fangs or be a gentleman of 
an ungenerous diſpoſition. bs muſt confeſs, I im- 
te the former to him, from his mode of treat- 
me the fibject: is nd 1 
Mr. Harriſon's aim was not to take off the irregu- 


larities of the ſpring alone, but to annihilate all error 
in his multiplying train, and at the ſame time to 


ſhew immediately from the balance, as a firſt prin- 
ciple, the time as it happens, which he has done 
an the beſt method poſſible, as it appears to me. 

Before I had conſidered the matter properly, I 


% 


had the ſame idea of it as Mr. Cumming z and in 
which notion I find moſt of thoſe I have ſpoke of 


the matter to ſince I came to town; for they call 


it a train by remantwaur, a far fetched French 


word, which, from its etymology, means a re- 
winding or doing the ſame thing over again. So 


by 
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by this idea of the matter, the train is broke intg 
parcels ; but ſtill the parcels muſt convey the er- 
ror from one to another, ſince they follow each 
other, and go the ſame way, viz. keep multiply- 
ing one another, which is, in fact, no more than 
one wheel driving another; and it muſt follow 
from hence, that a rewinding in this method may 
be well left out, and the trouble ſaved, as Mr. 
Cumming ſays. | 

All the old pieces that I have ſeen are upon this 
principle, ſave the hint by Mr. Huygens for 
clocks, which ſhews the time as the pendulum 
lets the wheel go; and therefore ſhews the time 
immediately from the pendulum as a firſt principle. 

2. I will here lay down a number of queſtions 
to illuſtrate the whole of the foregoing rules to- 
gether, WK 
- EXAMPLE 2 EL | 
| Suppoſe a pendulum that vibrates ſeconds be a 


| true principle of motion, let it be required to 


ſhew, its vibrations upon a dial immediately from it 
with the leaſt error poſlible ? 
If the pendulum be ſuſpended, it will vibrate 
in proportion to the weight of the ball, and the 
force given it. The pendulum which I have cal- 
culated by, when put in motion with an arc of 
2.5 inches, loſt one eighth of an inch in 1120 ſe- 
conds. Suppoſe it in vibrating to touch a ſmall 
ſpring, which ſhall cauſe it to loſe one eighth in 
11.20, which is 100 part of its motion in about 11 
ſeconds; or to give all advantage, ſuppoſe it 10. 


Hence then, if the ſpring move any hand, &c. 


upon an index before 1t, we have the true time for 


10 ſeconds together.. 
If a wheel of 4 inches diameter, upon ſmall 


axes, be placed in a frame with 60 teeth in it, in 


L 4 7-07. ++ Ul 
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the form of common ſwing wheel teeth, and the 
ſpring which the pendulum touches catch againit 


them, then at every vibration the pendulum vil 
ſhew a ſecond. So by this contrivance we ſhall 


have 10 ſeconds true immediately from the pen- 


dulum. 

As the wheel goes round once in one minute, 
conſequently it will go round 60 times in an hour; 
therefore to ſhew the minutes, we muſt break bo 
into two ratio's, which muſt be dividing ones, or 
1: 74, and 1:8, If we take pinions 30 and 32, 
then the wheels and pinions for minutes will be 

30: 225, and 32 :'256; as theſe two wheels di. 
vide, their friction will be very little. So we may 
have ſeconds and minutes ſhewn very well, with. 
out any great reſiſtance to the pendulum for 10 fe 
conds, I once made a machine of this ſort, and 
2 it to the bottom of a pendulum of the above 

ight, which moſtly went 20 ſeconds before it 
= ed to move the indexes ;. and then, by renew- 
ing the motion, it performed the ſame over again. 
But if the weight of the pendulum was doubled, 
then it would preſerve its motion near twice as 
long, or 40 ſeconds. 

Therefore now we muſt contrive an artificial 
hand, to renew the motion of the pendulum at 
every period of loſt motion, This may be per- 
formed by another pendulum and movement, as 
is commonly done for time-keepers, only that a 
wheel muſt be made to go round once in every 10 
ſeconds, or ſix times for the ſwing wheel once. 

All that is required by the laſt train, &c. is, 
that it ſhall go within one ſecond in 10 ; for after 
the wheel has moved the pendulum, - both their 
- motions are begun anew. - 

As long pendulums are better than ſhort ones, 
let the h of the multiplying train vibrate 

Once 
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once in 10 ſeconds, then it will vibrate ſix times in 


one minute, and its length will be 3920 inches. 


If this pendulum be made proportionate to that 


of 39.2, then its arc of vibration for common 


pallets will be one inch for the dip of the pal- 
lets; (from ex. 9 to 39) this dip will be about 


half the breadth of one tooth of the wheel; and 


if we take the wheel to have 15 teeth in it, then 
the whole circumference will be 30, and its diame- 
ter 10 inches. The beats in one revolution will 
be 30; and if the piece be ſuppoſed of 30 hours 
continuance, the whole ſwings for that time will be 
10800; this, divided by 30, gives the revolutions 
of the ſwing wheel in the ſame time, which is 


360; and if the barrel be ſuppoſed to have 10 


tutns, then the proportion between it and the 


ſwing wheel will be 36: 1; for 360 divided by. 


- , 


10, the turns gives that number. 
As the ſpace is large, we can get a wheel to 
take this proportion ; and if we aſſume a pinion 


of 8, we ſhall have this proportion between the 
barrel and ſwing wheel, viz. 288: 8. This is 


all the train required between the pendulum and 
power, ö p10 

As the wheel to move the pendulum muſt go 
ſix times round for the ſwing wheel once, conſe- 
quently its train will be 36 X 6: 1, or 216: 1. 


But as the wheel which muſt move the pendulum 


muſt go round in the time of one vibration, con- 


2 ſequently its revolutions in time muſt be 2 16 ** 10, 


or 2160, which broke into three factors, are 18, 
12, 10, and gives us 18: 1, 12: 1, and 10: 1. 
Let the pinions be taken 9, 8, and 7, we have 


162: 9, 96: 8, and 70: 7. This train muſt be 
fixed on the upper plate, not unlike the dial work, 


and from the axes of the barrel; the wheel to 
move the pendulum muſt be like the crown _ 
| 4 
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of a ſpring clock, with an arm-piece to move 
the pendulum.  _ Y HE 
It is plain, that this contrivance will want ſe- 
veral particulars to be managed by the workman, 
and which will be evident upon conſideration. 
The foregoing plan is by multiphcation and di- 
viſion, and which ſhews the time from the pendu- 
lum as a firſt principle. I ſuppoſed the multiply- 
ing train to go only 30 hours, as all time longer 
than that is to bring in too much of human art, 
a thing always to be avoided, when we want to 
come at truth as near as poſſible. 


E XAML E II. 

Let it be required to form a common regulator 
upon the ſimpleſt plan. This, though it be pro- 
poſed as common, we muſt endeavour after the 
laſt plan, while it may be made with the ſame ex- 


— = 


pence of any other. 5 

Therefore, we will ſuppoſe the continuance 30 
hours, and as we ſuppoſe a ſecond's pendulum, the 
beats will be 3600 & 30 = 108.000. Let the 
barrel have 20 turns in it, then 108.000, divided 
by 20, gives 5400 for the beats in one turn; 
which, divided by 60, gives go for the proportion 
between the barrel and ſwing wheel; or it is as 
90: 1. By taking a pinion of 6, we have the 
whole multiplying train 340: 6. The ſwing 
wheel wilt ſhew ſeconds, and from it we mult 


ſhew the minutes, which will be done by a pinion 


of 6, being put upon the pevot of the ſwing wheel 
+ between the upper plate and the dial; and it dri- 
ving a' wheel of 360, which may run upon an 
axis, and have the pevots as ſmall as to bear the 
weight of the metal; upon one of which pevots 
the minute hand may be fixed. It muſt be obſer- 
ved, that it will go round a contrary way to the 


ſeconds 
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ſeconds hand. Though this is no fault, as it is a 
mere notion to have the hands of a time-keeper 
go all one way. | | 

All our time-keepers would be ſimpler, and go 
with more truth, if every index had a different 
place; and thoſe which require the greateſt pre- 
ciſion, ought to be in the moſt conſpicuous place; 
ſuch as the ſeconds hand in the centre, the minute 
hand in the neareſt to it, and the hour in the next 
to the minute. 


> FE S.S% > 


Let it be required to make a common watch 
without a third wheel, and the {ame train of com- 
mon ones? From (43) we can break the common 
train 576, in. proportion to any numbers given. 
Let it be as the ſpaces of the centre to the contrate 
wheels, which are as 30: 20; but 576, broke as 
theſe numbers, comes out as 39.39,and 19.6,which 
may be brought to theſe without any great error, 
viz. 39.4, and 19.6, which will give us theſe pro- 
portions, 39: 1, and 194: 1. If we take both 
the pinions 5, we ſhall* have this train, 197: 5, 
and 98: 5, So that if the contrate and balance 
wheel. pinions be taken fives, we have the centre 

and contrate wheels 197 and 98 reſpectively. 


ExXAMPLE. IV. 

. Let it be required to form a train for a piece to 
x wind up ſeconds once every half minute, or 30 
1 © f{<conds? Theſe trains muſt be running trains, 


like the ſtriking train of a clock, that when they 
are let looſe, they may perform their buſineſs in a 
ſhort time. Since there are 3600 ſeconds in one 
hour, if we divide this by 30, we have the num- 
ber of times that the wheel is to, perform its pe- 
ration, which is 120; and which may be broke 
| into 


186 EXAMPLES IN 
into the ratio's 12: 1, and 10: 1; or into three 
ſets, as 6: 1, 5: 1. and 4: 1. Theſe laſt will 
anſwer the ſame of the other two. Now above 
theſe is to be the governing train, which muſt be 
in proportion to the time of performing; and the 
time being as the train choſe, and the fly, it is at 
the choice of the workman what to make it. If 
he ſhould chuſe 60, then its proportions will be 
38: 1, and 72: 1. If 48, 8: 1, and 6: 1; but 
the train ſhould be taken to have a quick ope- 
—_—_ Ok | 
The above is the upper part of the train, or 
that for one hour; now to continue it we may 
make it what we chuſe, if for 30 hours, and the 
barrel have 6 turns, then the ratio for the conti- 
nuance of 30 hours will be 5: 1, and the whole 
train will be 3: 1, 12: 1, and 10: 1. 

If the continuance be 8 days, and the bar- 
rel have 12 turns, then the ratio of the continu- 
ance will be 16 : 1. . 


af E AAM F.. 
I will now lay down ſeveral of Mr. Durham's 

examples, but lay them down general ; and ſhew 
the learner, how many particulars he may farm out 
of each general queſtion. e 

An eight day piece, with 16 turns of the bar- 
rel, the pendulum vibrates ſeconds, and ſhews 
minutes, ſeconds, cc. Ven Mew, 

> - SE N proportion of the watch part is 
12: 1, 8:1, 71: x, if the proportions ſhould 
be choſe in proportion to the ſpace; but if not, 
this order may do, 12: f, 75: 1, and 8: 1; ſo 
that here we have two general forms, and from 
each form we may have as many particular ſets as 
Wie can chuſe numbers for pinions, as is plain from 


(49). Thus from the firſt let all the pinions be 
| taken 


. 
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taken eights, we have 96: 8, 64:8, 60:8. 


Let the pinions be two nines and one eight, we 


have 108: 9, 72:9, 60:8, If the pinions be 


taken 10, we have 120: 10, 80: 10, and 75: 10. 
If we take the pinions 10, 9, and 8, we have 
this ſet, 120: 10, 72: 9, and 60:8; and ſoon 
without end, as oft as we can chuſe numbers 
and multiply, we can have numbers for an eight 
day piece. Likewiſe for the other form, if we 
multiply it by all the numbers we have done the 
laſt, we can have as many more different ſets 
from that form. For the dial work the proportions 
are 1:1, and 1: 12; let the firſt ratio be mul- 
tiplied by 48, gives 48 : 48 for the minute wheels, 
For proportionate numbers to the other ſet add 48 
to 48, gives 96, this divide by 13 gives 7, which 
number multiply the other ratio by gives us 7: 84, 
which are the numbers in proportion to 48 and 
48. Our common clock-makers uſe 6: 72, from 
Mr. Durham, which is too coarſe a number in 
proportion to the other two. See (225). 

Let go be taken for the firſt ratio we have 30: 50, 
and their ſum is ioo, which divided by 13 as be- 
fore, gives 7.7. very near; therefore we may take 
8, and multiply the other ratio, gives 8: 96. 
Laſtly, take 60 for the ratio of 1: 1, we have 
60 : 60, their ſum is 120, which, divided by 13, 
we have 9.2; therefore we may multiply the 


other ratio by , which gives usg : 108. Hence 
we may have as many ſets of dial wheels as we 


Pleaſe. 1 5 3 ES 
In like manner the clock part may be found, 
for its general proportions are 94: 1, 8: 1,8: I, 
and 8: 1, If we take Mr. Durham's pinions, we 
have his ſet of 78: 8, 48: 6, 48: 6, and 
48: 6. Let us take two cights and two ſevens, 
\ +. 12008 
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we have 78: 8, 64:8, 56: 7, 56: 7; and in 


like manner for any other pinions. 


E „„ VL 


A month piece of 32 days, with 16 or 12 turns 
both parts, the watch ſheweth hours, minutes, 
and ſeconds; the watch 36696 with 16 turns is 
6:1,8:1, 7; : 1, and 8: 1. If we take the 
pinions as Mr. Durham's, we ſhall have this ſet, 


96:16, 72:9, 60: 8, and 56:7, If the firſt 


pinion be 14, it will be more proportionate, which 


will give us this ſer, 84 : 14, 72: 9, &c. 
With 12 turns the proportions are much better 
choſe, for the proportions we eee een, 
and 8: 1. His pinions are 12, 9, 8, and 7, re- 
ſpectively, which gives us this ſet for wheels and 
pinions, 96: 12, 72: 9, 60: 8, and 56: *. 

The clock part, with 16 turns, is 130: 10, 
96: 8, 72: 6, and 60: 6, which, divided by 


their pinions, give us theſe ratio's, 13: 1, 12: I, 


12: 1, and 10: 1. The ſame, with 12 turns, is 


128: 8, 104: 8, 96: 8, and 80: 8; divide 
them all by their pinions, or 8, we have the re- 


ſpective ratio's, 16: 1, 13: 1, 12: 1, and 10: 1 
From this laſt we ma ſee a beautiful deſcent of this 
train, 
EEX AM. FL I. 

5 month piece of 64 days, with 16 turns, 
ſeconds, pendulum, &c. as the laſt. 

The watch part 90: 9, 76: 8, 60:8, 86 75 
which reduced, gives 10: 1, 95 : 1, 7+: 1, and 
8: 1, This ſet is well choſe for ſuch a piece, for 


the ratio of 64 days js 96: 1; and by its being 
broke into 10, and gz, it gives 95, as near as need 
be for the time propoſed. | 


__ hough 


tin fe INE NE At 


__ Carevriation of Trains, Go. 159 
Though if it had been broke into the propor- 
tions 104: 1, and 94:1, they would have 
brought out a day more than what was propoſed, 
and would have produced a better ;defcent. The 
pinions to theſe may be taken 10 and 8, which 
will give 105 : 10, and 74:8 

The clock part is 80: 10, 65:10, 54:9, 
60: 5, and 50: 5; divide them by their pinions 
to come at their ratio's, we have 10: 1, 62: 1, 
6:1, 12: 1, and 10: 1. The two firſt for the 
multiples of the time are not well choſe, they 
would be better thus, 9: 1, and 74: 1. And 
if the pinions were taken 9 and 8, we ſhould have 
81:9, and 58 : 8. Likewiſe the governing train 
is not the beſt, for 10: 1, and 9: 1, would be 
enough, = : 

PS hk 

A piece of 13 weeks, with pendulum, turns, 
and motions as before, The watch part 96: 8, 
88:8, 60:8, and 56: 7. Find the ratio's as 
before, we have 12: 1, II: 1, for the part below. 
The part above we ſee is the ſame in all, therefore 
may be omitted. This train is well broke in pro- 
portion to the ſpace, &c. 1 rey be. 

The clock part is 72: 8, 64: 8, 48: 8, 48: 6, 
and 4535; reduce them 6: 1, 8 : 1, we have 
9:1, 8: 1, andg : 1, which is a neat ſet, ſave 
that the governing train would be better with an 
8 and a 7, which would make them 64: 8, and 
63: 7. | - 

Ex AMY L E IX. 

A ſeven month piece, with turns, pendulum, 
and motions as before. The watch part is 60: 8, 


56:8, 48:8, 45: 6, and 40: 5, which, re- 
duced as before, gives us 72: 1, 7:1, 6:1, and 


the 
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the others as before. This is a good ſet, for we 
ſee by the proportions how they decreaſe. 
The clock part 96: 8, 88: 8, 64:8, 48:6, 
48 : 6, which, when in their leaſt terms, we have 
12: 1, 11:1, 8:1, 8: 1, and 8: 1, which is as 
good a ſet as well can be made out of the exact 
time propoſed; but if it had been a little varied, 
to come at better proportions, we ſhould have 
been nearer the matter in the excellence of the 
ICE. . be „ 
Thus if the proportions for the time had been 
made 12: 1, 10: 1, and g: 1, we ſhould have 
had a good deſcent. The pinions may be 10, 9, 
and 8, which give us 120: 10, 90: 9, 70: 8. 


„VVT 
A year piece of 384 days, with turns, pendu- 
lum, and motions as before. The ratio's for the 
continuance are 108 : 12, 72: 9, and 64: 8; re- 
duced for a compariſon, they are 9: 1, 8: 1, and 
8: 1, which is a tolerable good ſet; though theſe 
would have been better, 10: 1, 8: 1, and 7 : I. 
And if the pinions be taken 12, 11, and 10, re- 
ſpectively, we have 120: 12, 88: 11, and 72: 10, 
which, if compleated, with the upper train in 
proper order, we have 64: 8, and 60: 8. 
The clock part 120: 10, 96: 8, 78: 6. This 
is the part below, and reduced gives 12: 1, 12: 1, 
and 16: 1, which may do for the nature of the 
ſtriking with a double hoopßßp z. 
c n AL 
A piece of 30 hours, pendulum about 6 inches. 
The watch part below the centre wheel 48: 12 
above, 78: 6, 60: 6, 42: 6; ſwing wheel 15. 
The ratio's reduced are 4: 1, 13: 1, 10: 1, 7: 13 
and which ſhews us to be a beautiful deſcent * 


CALCULATION of Trains, Sc. 161 


he centre wheel. The clock part —w_ be as 2 
ommon ones are. 


„ „ MI. 
A piece of 8 days, with 16 turns, pendulum 


6:8, 64: 8, 60: 8, and 40: 8, ſwing wheel 
5, as the laſt; reduced: is 12 : 1 871, 5+ 
nd 5: Is Here the part below is the ſame of the 
it, or of all other 8 day pieces; the alteration is 
r the train to anſwer the pendulum of 6 inches, 
hich is 8 & 75 X 5 = 300. This multiplied by 
X 15, Or 30, gives 9.000 T he clock part like 


li others. 
Ex AMY IL I XIII. 


A month piece of 32 days, with pendulum, 


urns and motions as the laſt. The watch part 
4:8, 48: 8, 48: 6, 45 2.6, 30: '63 reduced, 


doye is the ſame as the laſt, and the train bee 
py is the ſame of all month Pieces. 1 


Na n b XIV. 


A year piece of 384 days, with een 
ins, &c. as the laſt. The watch part, 0: 10, 
4:8, 56: 7, 48:6, 45: 6, and 30: 6; the 


art above the ſame of the laſt. 

Any of the laſt three pieces may have a less 
umber of wheels, if they did not ſhew minutes 
nd ſeconds, which is practicable in all forts of 
ovements as well as them. 


Thus the laſt with a wheel leſs 58 8. 72 6, 


bout 6 inches, to ſhew minutes, ſeconds, &c. 
The watch part, the train of the watch part is 


13 6 2 i, 8 1% 95: 1 and 3: 1. The train 


art below will be found as all year pieces, and the 


6:6, 60; 6, and 54: 9, ſwing wheel 195 re. 
ned, they: are 12: 1, 12 : 1, 11: 1, 10: . ank 
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| | = 1 about three inches. The watch triy 
19 reduced, 16:1, 8: 1, 7: 1, and 6: 1. The 
| Arik ing part to any of theſe may be made lit 
any other that has the ſame continuance. 


ſhort account of the Hampton Court clock befur 


The time of the da 1 and the motion of the ſun an 
moon, throug 


the day of the month, the ſun and moon's plc 
wheel-work js laid under the moving part of tit 
. Gy late, I have given the calliper thereof in fy 
pil, which Nic under the dial plate, and ae 5 
all, both the dial plate and its wheel work is po a 


motions, by means of a large wheel of 288 tect 
turning rouhd upon it once in 24 hours; wfid 


= 288 9 turning round i in 24 hours, carries abou 
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6:1. But as we are to ſhew no diviſion of tin 
but the laſt, this train would have been bei 
Viz, 16: I, 13 : I, 9: 1 3 1, and 6 1; and 
if pinions be taken in proportion, we hay 
324 : 14, 16 : 12, 95: 10, 66:8, and 42: ). 


EXAMPLE XV. 
An $ day piece, to ſhe the hour and minutes 


8 8, 49: 7, and 36: 6, ſwing ubel 


As the laſt piece valuable in this old author, | 
ſhall, for he rarity thereof, preſent the reader withi 


mentioned, made A, D. 1540; which ſhews th 


all the degrees of the zodiack; 
together with the matters depending thereon, 


in the zodiack, moon's ſouthing, &c. 
To ſhew how compleatly (for. that age) th 


which repreſents the ſeveral wheels and pinia 


eral motions in this manner. In the centerd 


on a fixed arbor, which hath a pinion of 8 on tit 
end of it, which drives both the ſolar and lun 


large wheel is driven round by a pinion of 12 fixe 
on 255 arbor of the a wheel within the clod 
which t urneth round once in an hour. The-whet 


Wit 


with it the wheel 37s and its pinion of 7 leves, 
as alſo the other px t wheel, and its pinion, on 
the other ſide. The pinion 7 of the wheel 37 
drives another wheel of 45 teeth, which carries 
round the moon's ring or ctrcle. On the oppoſite 
fide the aforeſaid pinion 8 drives round the prickt 
wheel, whoſe pinion drives a wheel of 29 teeth, 


whoſe pinion of 12 leves drives round the wheel 


132, that carries the ſun round, and the zodiacal 
matters. | : | 

I might now proceed to ſhew how the trains of 
the planets are fixed to clock-work ; as this: is a 
matter that is frequently done, and when it is, but 
to very little advantage, I will ſhew in their ſtead 


a new fort of trains for them. 


| nnn NXVL 

N it poſſible to fix a train in the inſide of 
a terreſtrial or celeſtial globe, to move them round 
their axes in 24 hours; what is the train for ſuch 
an operation? „ 

As there is no diviſion of time to be ſhewn, 
but the globe's motion in 24 hours, conſequently 
we have nothing to do but break the train into con- 
venient ratio's to govern it in that time; and to have 
time enough, we muſt calculate it for 30 hours, as 
for all other pieces of that continuance. If we 
ſuppoſe the beats or revolutions of the laſt. wheel 
ſeconds, then the whole train will be 3600 X 30 
= 198.000 3, which may be broke into the ratio's 
39: 1, 20: 1, 15: 1, and 12: 1, for the whole 
train, if the. reyolutions of the laſt wheel govern, 
If pinions be taken for this train in proportion, we 


ſhall haye 270: 9, 160 : 8, 105: 7, and 72: 6. 


= 4 


This is the train aboye, as it may be called, or the 
CORO Sn 009%s i FP Y RETTe M7: 
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Now to give an idea of the mechanical contri. 4 
vance of ſuch a train fixed in the globe, It ig 
plain from the motion of all bodies, that if one 
be faſt, the other, which is to move, muſt be 
looſe conſequently, as the globe is to move, its, 
- AXES muſt be faſt; and that the movement may be 
fixed, the globe muſt be made of two hemiſpheres, 1 
that will take in pieces and put together. As the 
globe is to move only once round, the motive 
force, which muſt be a ſpring, need but have about 
a turn and a 28 and in conſequence it will 
require no fuſee to equal its power, to convey its 
motion round the fixed axes; but upon one end 


of the barrel arbor muſt be fixed a wheel of the 


ſame ſize and number of teeth of one fixed on the 
axes, which may be called the train of the con- 
tinuance, as the ſpring by its force will go round 
the axes in the time propoſed. The other pevot of 
the arbor muſt be fixed in the firſt wheel of the 
verning train, that the globe may he retarded 
y it, and only move as it moves; or inſtead of 
the pevot, any fixed part of the globe will do. 
To fix the governing train, the firſt wheel muſt 4 
run on the axes of the globe, the next two in a 
frame on one. fide, and the laſt upon the axes 
again; that by its revolutions i it may have connec- | 
tions with ſome body to regulate the train by. For 
this train I have ſuppoſed the laſt wheel in every 
revolution to move a rowling body, in a groove, 
in the infide of the globe, which would naturally b 
deſcend to the loweſt part, after it was moved bx 
the wheel, and would have all the Properties na- 
tural to a pendulum. 5 "I 
-Or if the globe was large enough, a pendulum 
might be appended on the axes, and in conſe- 
Pn it might have a a common governing train. ; 
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To renew the motion every day; as the wheel 


* continuance 1s fixed upon the axes of the globe, 
conſequently the ſpring may be wound up by the 
axes and this wheel. How to fix the clicks, &c. 
I ſuppoſe no practical workman will want inſtruc- 
tion 3 | 

? E x A MP ILE XVII. 

Admitting it poſſible to make a globe with all 
Loe primary Planets moving in it, the ſame as in 
©cheir reſpective orbs, it is required to find the train 
of each, that they may perform their revolutions 
in the ſame time as they do in the heavens. 

Let us begin with our earth firſt. It is plain, 
hat if ſych a contrivance be poſſible, that the mo- 
tion muſt come from the circumference of the 
globe, by its preſſure againſt a ring, which may be 

called the circle of its orb; and as we may do it 
"with the ſame eaſe, we will contrive it to have its 


diurnal motion alſo. But a train for its diurnal 


motion is delivered in the preceding example ; all 
the difference for this will be in its continuance ; 


if the turns be 15, then 365, divided by them, 
gives 247; and if a pinion of 9 be taken, we 


{ 


have this train for the continuance, viz. 21g : 9. 
and the turns 15. The fixed wheel upon the axes 


WT muſt now have length for a fuſee to have 15 turns 


In it, and the barrel arbor muſt be fixed to the 
globe, and the barrel looſe, the ſame as in watches. 
Upon one fide it muſt have teeth to drive the 
pinion. of 9, for the continuance of the time; alſo 
the pevot of the pinion muſt go in the firſt wheel of 
Ihe governing train. This train, properly con- 
Eructed, will cauſe the globe to move 3654 times 
Wound | in the ſame time. But it is plain, that the 


Ferenc of the globe. If the globe be about 
M3. - three 


Izv 1 
1 
* 


Wtcle of its orb muſt contain 365+ times the cir- 
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three inches diameter, then its circumference vill 

9 X 3654, or 3287, inches. It is plain from this 
contrivance, that if the globe be retained in its 
orb, and its endeavouring force to move round its 


be grooved to admit of rowlers, that the globe 
m 


fame there be a line of teeth, to equal a toothed 


forwards. 


rowlers, &c. in the grooves, but I would advife 
the motion to be horizontal z then the globes will 


upon one end of the axes; 


each orbit circle muſt be determined, which ſup- 
poſe three inches broad; and as there are to be ſix 


be 9, and in conſequence its orb muſt be 


axes. work in the ſame, ſince the orb muſt be faſt, 
the globe will move forwards, and in proportion 


* — 


to che force applied. 


s . „ 


The fixing of this, or any other of the globes, 
is a ſimple matter; for if the circle of its orbit 
ap be Zap always at the ſame height from the 

e of the circle; and if in the middle of the 


circle of the equinox of the globe, then the globe, 
by its innate force, will work in the teeth of the 
orbit circle, and by that means cauſe it to move 


There may be various methods of forming the 


move within their orbits. All the obje&ion to 
this way, would be the 8 of the work lying 

| ut it beſpeaks its ſu- 
parry for the fake of conciſeneſs, that the or- 
bit of each planet will be of the ſame diameter, 
and Which will be found advantageous in the form 
Here laid down. To determine the diſtance of the 
rowlers and their numbers; firſt, the breadth of 


in number, conſequently the whole of their breadth 
on one fide'of the nodes will be 18 inches, and the 
fame on the other ; therefore the circle joining 
their nodes will be 36 inches, the diameter 
of Which will be 12. Now from this dia- 
meter we can find the diſtance of the 

. 475 : 5 of ut 
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hut firft I will illuſtrate their paſſing of the nodes | 
hus. 85 
| Where checircle ABC (fig 2.) is the circle j joining 
their nodes, and the lines aa, aa, are the breadth of 
the orbit circle of the earth, bb, that of Mercury, 
jd, that of Venus, &c. &c. where it is plain, that 
ach, aa, bb, dd, &c. are oppoſite to each 
ther, and all of them of the ſame breadth; alſo 
he little circle abc is to be a piece of the ſame dia- 
meter of their breadth, and grooved with a ſimi- 
ar groove to the lines aa, bb, dd, &c. It muſt 
lo be fixed upon a centre, to be free i in receiving 
ach globe from the lines aa, to their oppofite aa, 
hom bb to bb, &c. Hence the diſtance from the 
cular piece abc to the circle ABC, muſt be half 

he diſtance of the rowlers; but to have enough, 
kt their diſtance be three times that, and that num- 
er will be enough for the rowlers, that can be 
ade to act free. By this contrivance each globe 
ill paſs free at the nodes; and at the ſame time 
ach orbit will be of the ſame diameter, which, 
ll be advantageous for to have a glaſs hemiſphere 
faced over them, with the fixed ſtars marked in 
.. Such a piece of mechaniſm might be ſaid to 
x a real ſolar ſyſtem. 
As the paſſing of each planet at the nodes eauf- ” 
th too great a declination; each might have their 
Ids without the other; and then a great deal of 
duble might be ſaved, both as to the -poſition of 
ach orb, and likewiſe the paſſing of the nodes, 
6 well as a more regular motion in . aſcent 
nd deſcent of each. | 


Now 1 will proceed to cülculate che train of : 
ach for the ſame diametered orb, and the wee 
rof the planets all the fame. 
Mercury makes his period in 88 dap and: 26 
eluppoſe his repreſentation the ſame of the carth's, 

45 * 1 r ee cb. 
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he muſt go round about four times for the ear 


muſt be divided by 4, .to give us that of Mercury, 
But in the laſt example, the train * the earth was 
30: 1, 20: 1, 15: 1, and.12 : If we reduce 
any part of the train, we. ho ack the whole; 
therefore as 30 and 20 are large, we may reduce 
them two, their product is 600; which, divided 


Mercury + 15: I, 15:1, 12: I, and 10: 1, 
Loet the following pinions be aſſumed, we have 
135: 9, 120: 8, 84: 7, 60: 6. The train for the 
continuance will be found by dividing 88 days by 
13, the turns, which gives 5.8, or 6 may bef 


ſcribed in one day; therefore the train of the earth 
we need only divide the ratio 30: 1, which gives 
us 184: 1; ſo the governing train for Venus will 
150: 8, 105: 7, and 72: 
it gives 14.9,for the proportion between the * 


If we take a pinion of 10, we have 149: 10. 


e if we divide 365 by 88, we hay 
4-15 for the ſpace he muſt deſcribe in one day; 0 


once; therefore the governing train of the earth 


by 4, Bren 150, which may be broke into 15: 1, 
and 10: 80 the Whole nn train for 


taken, which gives us 6: 1, for the nen be · 
tween the barrel and pinion. 

The train for Venus is found by dividing 3657 
by 2242, which gives 1.6, for the ſpace to be de- 


muſt be divided by 1.6 for Venus's train. But 


be 20 1 1.8: 1, 16: 1½ and 12: 1. If pt 
nions be taken we have theſe eee 160: 8, 


For the train of continuance divide 224. 5 by [ 5 


and the multiplying pinion, which is as 1459; 


The period of Mars is 687 days, which, div 
ded by 3057 gives 1.875, &c. which is equiva 
lent to 12. Therefore the governing train of the 


earth unt . multiplied by | it, which = be 
dJaone 


CALcuLATION of Trains, &c. 169 
done by multiplying the ratio 12: 1; when done, 
it gives 224: 1; conſequently the governing train 
of Mars Vill. be 30: 1, 21 „ 1 
15: 1. If pinions be taken, we have 270: 9, 
180: 8, 140: 7, and 90: 6. 

The train of its continuance is found by divi- 
ding 687 by 15, the turns, which gives 454, or 
46 may be taken without any material error; 46 
may be put into the two ratio's 7 : 1, and E: 1. 
Let the pinions 12 and g be taken, we have 


84: 12, and 70: 9, which will require two mul- 


tipliers from the barrel. 


The period of Jupiter is 43323 days; 63 ic be 


divided by 3653, we have 114 very near, for the 
train of the earth to be multiplied by; but as 
114 is large enough for another proportion, the 
governing train of Jupiter i is 30 : 1, 20% 1, 16 13 
12: I, and 114: 1; and if the train be compleated, 
we have 300: 10, 180: 9, 120: 8, 96: 8, and 
12 . 4 Snoop 
? The train of continuance is found as before, 


by dividing 4332+ by 15, which gives 288.8, and 
it may be broke into the, proportions 8 :1, 6: I, 


and 6 : 1, for the multipliers of the continuance. . 


The period of Saturn is 10759, which, divi- 
ded by 365+, as for the reſt, we have 29.5 very 


near; ſo the governing train will be 30: 1, 


292: 1,20:1,15: 1, and 12: 1. Again, if 1079 


be divided by 13, it gives 7174 very near, for the 


continuing train, which may be broke into theſe 


Proportions, 10: 1, 9:1, 8: 1, which are a 
little too high for the ſake of the proportions. 


From theſe calculations it is plain, how difficult 


it muſt be to make them all move in orbs of the 


ſame diameter; for as their time increaſes, ſo 
muſt the power to move them; and if the ſpace 


for the movement of one be the ſame of the 
£ | | | other, 


—_ 
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other, conſequently, if ſufficient force can only 
be got in for one train, then much will be wanted 
for others. Thus, if the force for the earth be 
ſufficient, then that for Saturn will be too little by 


21151. f times the force of that to move the earth. 


If the globes and their orbits be varied in pro- 
portion to thoſe of the earth, then the circumfe- 
rence of Mercury will be about 2.1, and its diame- 
ter about 7 of an inch, which will be a ſize hard- 
1 put a train in. On the other hand, 
if we take Saturn in the ſame proportion, his dia- 
meter will be near 6 foot, and the diameter ot his 
orb about 11 miles; and if we don't vary the 
ſpace and ſize we have ſeen, what will be wanting 
in power to move the fpace, &c. Hence may be 
obſerved the beauty and conſiſtency of the Al- 


mighty and everlaſting mechanio; and that in our 


beſt attempts, we come little nearer than to a bung - 
ling approximation. o. | 
Therefore the neareſt method will be to have - 


one governing train for each, or the ſum of both 


trains the ſame, and to increaſe the diameter, &c. 
of each globe, as their train of _ continuance re- 


quires;; and alſo their orbs and circumference to 
be proportioned to each other. 5 9 
Thus for Mercury, if we take its diameter 
17 inch, then we may get in the governing train of 


the earth, and its on train of continuance. 


Its circumference will be 4.5, and that of its 
orb 4.5'X 88, or 396 inches, and its diameter 

If we take 2.5 inches for Venus, we may get. 
in her continuing train, and that of the earth to 
govern her; hercircumference will be 7.5, and her 
orb 7.5 X 224-5, or 1683.95, and her orb's diame- 
ter 46.77 feet, SF Tet, 


e For 
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For Mars we may take 4 inches, its circumfe- 
rence will be 12, and its orbit 687 x 12 8244. 
And hence we have its diameter 229 feet, which 
will be much too large, on account of a convenient 
ſpace. The earth's orbit, with 9 inches diameter 
in its globe, gives about 91 feet for the diame- 
ter of its orbit. Let Mars be about feet more, 
then the diameter of irs orbit will be about 100, 
and the circumference 300, which, brought into 
inches, is 2600. Now ſay, as 8244: 12: : 3600: 
5-24, &c. parts. Therefore Mars, inftead of 
moving upon a wheel in its equinox, it muſt move 
upon one of a leſſer circle; near one of its poles, in 
which muſt be 3. 24 in citcumference. But now 
to correct it for that proportion, take 5.25 for the 
circumference, and fay, as 12: 8244: : 5.25: 
3606 its orbit; or the orbit to the globe of 
Mars is as 3606: 5.23. Multiply by 12 for the 
teeth of each, we have 43280: 63. 8 
As this globe's diameter is 4 inches, we may get 


both trains in, viz. its continuance, as laid down 


before; and the governing train of that for the 
earth, which its orb is calculated for. . 
If we take 6 inches for Jupiter, the globe's 


circumference will be 18, and its orbs 18 & 


4332.5 = 759.850 inches, which is much too 


great; divide 4332.5 by 5, gives $66.5; this 
multiplied by 18, produces 13397. Now ſay, as 


15597 : 18::4320: 4.5; for the correction ſay, 
as 18: 15597 :: 4.5 : 3899.25, the real orb to a 


wheel of 4.5 inches in circumference. I affumed 


20 for this more than the laft; and. ſo began with 
120 feet, which was 4320 inches, and find the 
correction as above. If we multiply by 20, we 
have 90: 77985, for the teeth in the globe and 


orb. This globe being 6 inches, we have room 
for both trains; but it muſt be obſerved, —_— | 
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make the orb of a convenient ſize, I divided the 
period of the planet by g, which reduces the con- 
tinuing train ſo, much, which muſt be put into the 
governing train, by multiplying it by the ſame 
number; but though it decreaſes one, it increaſes 
the other, and conſequently makes the power to 
move the globe the ſame as if they had not been 
altered. We muſt do the ſame for the next, whoſe 
period is 10759, which, . divided by 7, gives 
1537 ; if we take 10 for the diameter of the re. 
preſenting globe,' we have 3o for its circumfe. 
rencez 1537 X.30 gives 46110. I ſhall in this 
find the orb from aſſuming the circumference of 
the wheel to move the globe, which we will ſup- 
ſe 3; then ſay, as 30: 46110: : 3: 4011, 
which will be the orb of the globe, that muſt 
have a wheel of 3 inches in its circumference ; as 
each inch is divided into 10 parts, which parts are 
of a good ſize for teeth; therefore we may multi- 
ply by 10 for the teeth, which produces this pro- 
Portion, 30: 46110. From 4611 we may find the 
diameter of the whole of this orb to be 1128 feet 


- and one inch. 
| The continuing train of this piece muſt be di- 


vided by 7, and the other multiplied by the ſame 


number,to keep the ſum (geometrical, of the trains 
the ſame. 

By the ſame method the orbs might be reduced 
to bear a regular proportion to each other, tho 
they would be attended with their natural incon- 
veniencies, as the reader will find by trial. 


Nou it is time to ſpeak ſomething of the mo- 
tive force to each, to ſee whether it be poſſible to 


give ſufficient to move the globes: in proportion 


to their trains. 
That it is poſſible is plain, from the method 1 
have laid down in proportioning the moving dia- 


meter to each globe's orb. Hence, if the capacity 


can 


Calcul AIO of Trains, Cc. 1573 


ein de increaſed, and the friction kept nearly the 


ſame, we have it in our power to gain what motive 

force we pleaſe, and in proportion to what force is 

wes | . 
But if the pevots of the rowlers be diminiſhed 


as the weights are increaſed, then the friction will 


be the ſame, while the globes are increaſed in ca- 
pacity.” The train of Mercury is 162.000 ; let 


the friction of its globe be about 6 grains, then 


162.000 X 6 will be the whole force for the mo- 


tive force to move, Our beſt common ſprings 
pull about 755 pennyweights ; if this be made 


to pull about 12 times as much as them, then we 


have the force of the fpring in grains, equal to 
217.440. If the former force be divided by the 


latter, it gives about 4. 


It is plain, from the nature of the hemiſſ here, 


that one ſide of its axes may be allowed for the 


continuing train, and that the other will take in 4 
barrels of the ſame ſize, &c. Therefore 217.440 X 4. 
will be a ſufficient motive force for the train of the 


firſt globe. As the others may be increafed at 
pleaſure, conſequently the whole machinery may 
be performed. 5 

1 have laid down the trains, &c. aforegoing for 
each planet, that their continuance might equal 
their periodical revolutions, and that each globe 
may be wound up, or have its internal power re- 
newed at every period only. This I thought pro- 


per to do, for a ſet of examples to the young cal- 


culator ; but if the trains be wanted of a leſs con- 
tinuance, for the ſake of room, &c. then it is eaſy 


to have them ſo. by dividing the trains before laid 


down by any number, giving .the time propoſed. 
AS if the earth was to be renewed every quarter, 
tien the trains muſt be divided by 4; or it may 
be calculated for that time If the power is to be re- 
newed every day, then the train of one day's con- 

| | | tinuance 
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174 EXAMPLES. IN 
tinuance laid down. at firſt, will be that for the 
time; and as each globe may be wound up at the 


ſame time, conſequently the ſame train will do for 
each of them. 
And if Jach a piece ſhquld be attempted, any . 


Part — e to' the ſpace or time 


hods I haye laid down, 
which A 44 in Pegs nt forms, and ſome 
the moſt direct, as beſt leading to the reaſons 


wh were uſed, 
why hey ſuch 3 contriyance may have been, or 


can be thought prafticable, I know not; but this 


J am certain, it is poſſible ; and not only what 
is here laid down to * done, but alſo to contain 
all N. phenomena that has hitherto been obſerved 
r motions; ſuch as their decliggtions, mo- 
tions in perihelion and aphelign, &c. &c. 
1 ſuppoſe the ſphere of Arc imedes, 22 
ed in the Hiſtory of Clock-work, may bave been 
ſome ſuch like contrivance as the foregoing. pro- 


| ops whether or not his might be imitated by 


ſome of the farms I have propoſed, I any. to my 
followers 1 to determine, 


Enn or rnR Finsr Paxar. 


HHH 8 
NATLODVUCTION 
2 Fo TH 


Mechanical Part of CLock. and Waren- 
RENE WORK, &c. 


nern 

73. N O W we proceed to the next foundation 
' 4 of the mathematicks, and conſequent 

of our buſineſs, as it is a branch of the ſame ſci- 
ence; for though we can add, ſubtract, multiply 
and divide numbers, and find the proportions, 
&c. of two numbers one to another; yet, at the 
concluſion of the operation, we only have an ex- 
.. preſſion of ſome quantity, if the numbers were 
applied to it at firſt, for 7 x 4 is equal to 28 in 
numbers; but if the ſame numbers be applied to 
ſome quantity, as money, weight, &c. & c. then we 
have an expreſſion of the quantity; as if ſeven 
people owe me four guineas each, the ſum of the 
debt is 28 guineas, which is the expreſſion of the 
quantity. Now, before I can be ſatisfied, I muſt 
have this expreſſion in quantity, viz. in weight 
and quality of current coin, Again, if the ſame 
numbers be appiied to ſpace, as in the caſe of the 
main and centre wheels of a watch, where the 
main wheel is to go round, we ſuppoſe, ſeven times 
at one winding up, and the centre wheel four 
times for the main wheel once;. the concluſion 
is, that the centre wheel goes 28 times round at 


one. 
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one winding up. Here we have an expreſſion of 


28, and a given ſpace to be divided; fo that the 
wheels formed from the ſpace may perform the 
concluſion in numbers. = 105 

Hence, then, geometry conſiſts of the Know- 
ledge of adding, ſubtracting of ſpace, in propor- 
tion to any expreſſion in numbers; or of adding 
and ſubtracting bodies formed in any given parts 
of the ſame ſpace, according to their different 


ſhapes, &c. But this knowledge conſiſts in known 


properties of lines meeting and cutting each other; 
and are derived from meer obſervations in nature. 


So he is the beſt geometer, who makes the moſt 


juſt obſervations, and follows the ſame properties 


+ 


T 0o their original. 


The beſt ſyſtem of elementary geometry is Eu- 
clid, as delivered by his beſt editors, the two 
Simpſons, Keil, Cunn, &c. and thoſe who want 


to be pompleat maſters, muſt read him by one or 


What I ſhall deliver muſt be mixed with reaſon, 
. without the formal demonſtration uſed by Eu- 
clid, &c. but I will keep as near geometrical 
demonſtration, as is conſiſtent with the form I 
deliver my ſentiments in to my brother work» 
. ͤ ͤ 1050579 Ts 37 

The moſt ſimple figures in geometry are thoſe 
formed on plain ſurfaces, by lines meeting each 
other, &c. But lines are formed from points; 


fo we muſt begin from Euclid's definition of a 


Point, which is, 
74. A point is that Which has no parts; for if 
we were to ſuppoſe it of parts, we ſhould have 
lines formed of thoſe parts, conſequently we 
ſhould have lines of different quantities in the 
. _ _ ſame 
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ſame length and in our concluſions upon them, we 
ſhould be obliged to determine upon what ſort of a 
line, &c. we had been treating upon. Therefore 
a point is in any part of ſpace we can imagine, and 
only uſed as a limit to ſome ſpace 3 alſo, we may 
fix upon as many points as we can imagine ſpace di- 
yiſable into; and as we can fix upon any number 
of points, we may upon any number of lines, 
ſince the lines are only the ſpaces between the de- 
termined points, 


DETINITION II. 

75. Therefore a right line is any determined 
ſpace lying even between two points; ſuch as the: 
line AB (fig. 3; 6 

In geometry, it is requiſite to have ſome grants 
or conditions laid down from the firſt definitions, 
or reaſon itſelf, as ſelf-evident truths for the 
vhole foundation of the ſcience ; which truths na- 
turally occur from the above definitions of points 
and 8 and are called poſtulates and axioms. 


Pio sT uEA TA 1. 
76. That any number of renn may be aſſu · 
ned at e 3a ohh | 


PosTuLATE II. 
That a line may be drawn between any two 
points aſſumed, or that any given wn _ be 
produced at pleaſure. | Moy 70 368 


Pos ru ATE III. 


That a line may be drawn with any diſtance, and 
to keep at the ſame diſtance from one point aſſigned, 
ad alſo that a line may be drawn, Kicdern to et 
a line given, or not to mort ic. n . 171 
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A1 1% (1. 
77. Every whole i is greater Wal its Part. 


AX TOM II. 
Tbe whole is equal to all its parts taken to⸗ 


3 13 


Things equal to one and the lame thing, are a 
ſo equal to each other, 


 Ax1onm . 


If to nil things, equal things be added, the 
wholes will be equal; and the ſame 1 is true in ſubs 


; exther, . 


5 n. 


78. From the firſt and ſecond definitions, &c. 
as we can form any number of lines in poſition, 
6c. let us begin with the meeting of two, to find 
out their properties, via. let the right line AB 
(fig. 4.) be met by the line DE; as * mary 
they form'two angles, Rs 


DETIVITIOoR III. 


When we expreſs angles by letters, the a 

Jetter is always in the middle as aforegoing; her 

D was the — letter, and in the middle of the 
at t expreſſed the angles. 


DrTINIT ION IVV. 


Any na is ſaid to be greater or 41 in pro- 
portion to the inclination o one line to another 


as aforegoing; the angle ADE is greater or leſs 


than EDB, in proportion to the i inc lination of the 
line ED, to the points A or 1 

Cor. Hence, if a line meet another Wis between 
its limits, without any inclination: to either of the 


mM 
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make with the other line the two angles equal to 
eich other; for as the line DE (fig. 5.) meets AB 


without-A ny inclination to the points A and. B, the 
angle AD will 55 ge EDB. ö 


Dx FINITIO * v. | 
When 4 line, as PE, meets anther line, as 
aB, fo: as to make the angles ADE and EDB- 
equal to each other, then the line ED is called a 
bependicular to AB, and the af are called 
wett angles. 9 55 | 


1 


"Da i we tx VI. 


if 4 lite, as ED (Hg. 4.) makes angles with an- 
other line, - as AB, and does not make them right 
mgles, then the angles are called oblique angles, 
and that which is gt ater than a right angle is  ob- 


3 use, and that which ig leſs, acute: 

X 79: If a line meet another line, fo as to make 
do angles, the two angles are either right angles, 
„o, taken together, are oh” to two right angles 43 


kt ED meet AB (fig. | 
If ED meets AB YON C4 inclination, then 

ö the angle ADE equal to E and they will be 

right angles; from (Def. 5. in 78.) 

Now jet ED (fg; 4:) meet AB, and incline 

8 more to the point A than B. it Will make two an- 

gies ADE, and ED; which two angles 'take up 
whole ſpace fromm the Doint D towards E, but 


: th whole ſpace is to two right angles; 
5 therefore the angles ADE and EDB are equal to 
BL right an 7 3 3 

Cor. 1. the ſecond ſtolare lin +6) if the 


line ED (fg. 6.) be produced to the point C; the 
ine CD will becönie a line on the Ueber fide” of 
Az, which, from'this propofition, will make the 
een ADCand CBB; . ae equal to — 
SAT, 
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right angles; therefore all the angles ADE, EDR 
BDC, and CDA, at the point D taken together 
will be equal to four right angles. 8% 
Cor. 2. From the ſame poſtulate, if the line 
AB, CE, be ſuppoſed to tut each other in the 
point D, then the: oppoſite; angles will be equal, 
viz... the angle ADE will be equal to the ange 
CB, and the angle ADC vill be equal to EDRy 
for by this propoſition, the angles ADE, EDB 
are equal to two right angles; and from the ſame, 
the angles EDB, BDC, are equal to two right 
angles ; therefore the angles ADE, EDB toge. 
ther, are equal to EDB and BDC together; from 
which equals, if we take EDB, which is com- 
mon to both, the remainder, ADE, will be equal 
to the remainder BDC; after the ſame manner it 
is proved, that the angle EDB is equal to ADC. 
80. Now let two lines be ſuppoſed to be in th 
poſition. of having no inclination. to each other, 
and if they, ſhould be continued to never nies 
| {from poſt. 3. in 76.) ſuch as AB and CD (fig, 7) 


YT D. E- FIN I 7.10 N VII. : = 112 
Lines that have this property, are called pas 
rallels. 1.5 Er e \ l 24 1 
81. Let a third line, as EE (fig. 8.) fall upon 
them, it will make 1 the outward angle, AH 
equal to the inward and oppoſite angle CSE; and! 
2. the angle CGE, equal to its alternate angle 
BHF; and alſo 3 the fame, angle CGE, wich in 
inward angle AHG on the fame fide, equal wil 
two right angle. 4 572 4:7 on 
I. Since AB is parallel to CP, from the ſuppo- WM 


5 * 4 


ſition if a line falls upon them, it will have the 
eee eee 
JJC 
to CG ; therefore the angles AH E and CGE ate 
equal, from Dein, zz. 

if e 2. From 
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FB, but AHE has been proved equal to 


SHB. l | | 
Again, the angles AHE and CGE, have 


e AHG, and from the axioms, the angles AHE 
AHG together, will be equal to AHG and 
E together ; but, from 79, the angles AHE 


e their equals, AHG and CGE, muſt be equal 
two right angles alſo; therefore if a right line 


ga. The next property of lines we ſhall conſi- 


her, ſuch as the three lines AB, BC, and AC; 
3 other in the points A, B, and C, 
Is 9.) 3 e ? C 
BY : DzxrFiniTIOon VIII. 

The figure formed from the meeting of three 
bes, is called a triangle, of which there are ſe- 
fl forts, but we ſhall only take notice of thoſe 
h are called right and oblique, from their 
mng'a right or an oblique angle in them. 
93. If one fide of a triangle ABC (fig. 10.) 
wproduced to the point D, the external angle 
D, is equal to both the internal angles A and 
Men together; and the three angles A, B, 
A, are equal to two right angles. 
er a line, as CE, be drawn from the point C, 
Mel to the line AB. As CE is parallel to AB, 
angle DCE, will be equal to the angle A (from 
ind from the ſame, the angle BCE is equal 
the angle B; but the angles BCE and ECD, 
ual to BCD ; therefore the angles A and B 
er, are equal to the angle BCD; and if to 
the angle BCA be added, the three angles A, 
3 | N 3 B, 


= 
i 


5 
. 
. 


x 2 
. — by 3 
1 — 9 — * 2 = 
* N= 


. From Cor, 2. to 79, the angle AE is equal 


[GE therefore from the axioms, CGE is equal- 


en proved equal; to which equals, add the an- 


AG are equal to two right angles; there- 


, &c. 8 ps 


wr, is: when three are ſuppoſed to meet each 
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ſide AB equal to BC, the angle A is equal to C, 


B, and BCA together, are equal to BCA, BCF, 
and ECD; but theſe three are equal to two right 
angles from 793 therefore the three angles A, 
'B, and BCA, are equal to two right angles, 
to one angle in another, the ſums of the remain- 


.- ether two taken together will be equal to a right 
Wange „% 


BD produced, biſect the angle ABC, and meet 


. therefore ſince AB, BD, and AD, are equalt 


maining third ſide will be the diſtance of the ii 
clination of thoſe containing ſides; conſequen 


tical angle of an equal legged triangle, biſe 


_ equal angles be equal; then the remaining fi 
Aach angles of one triangle, are equal to the 


182 h OF 6 E O M E TRY, 


Cor. 1. If two angles in one triangle be equal 
to two angles in another triangle, the remaining 


angles will alſo be equal, 15 . 


Cor. 2. If one angle in one triangle be equa 


# 


ing angles will be equal. 
Cor. 3. If one angle of a triangle be right, the 


| 84. If a triangle, as ABC (fig. 11.) have the 
which is oppoſite the equal ſides; for let the line 


the line AC in D. Since AB is equal to BC, and 
BD is common, and they contain equal angles 
ABD and DBC the line, AD muſt be, equal tc 
DC; ſince it is the meaſure of the equal inclina 
tion of the equal right lines AB and BC to BD 


BC, BD, and DC each to each, the angles co 
tained by any two of them, will be equal tot 
angles contained by their equals, ſince the 1 


the angle A will be equal to C. 
Cor. 1. Hence, the line which biſects the v 


the other ſide, and is alſo perpendicular to it. 
Cor. 2. Hence alſo it appears, that if there 
two triangles, having one angle of one equal 
one angle of another, and the ſides containing 


mai 
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maining ſides and angles of the other triangle, 
and the whole is equal to the whole, 

85. In any triangle, the greateſt ſide ſubtends the 
greateſt angle; let ABC (fig. 12. ) be the triangle, 
having AB greater than AC, in which let there be 
taken AD equal to AC, drawing CD; the trian- 
gle ADC bahge equal ſided, the angles ADñC and 
ACD are equal from the laſt propoſition; when 
ACB, which exceeds the former of them, muſt 
alſo exceed the latter ADC, and conſequently 


much more exceed B, which is leſs than ADC, 


from 83, What farther properties of trian- 
gles may be wanted, will appear in treating of 
other figures, which we next proceed to. | 
36. Now let four right lines meet each other 
in four points, . D. (fig. 13.) Such a 
figure 1 is called a quadrilateral, or quadrangle. 


DzerriniTion IX. 


Si Any quadrangle, whoſe oppoſite ſides are pas, 
rallel, is called a parallelogram z as (fig. 14.) . 


DzrI1niTION X. 


A arallelogram, whoſe angles 8 al right 
bnes, 5 called a rectangle; as (fig. 15) 


DEFINITION XI. 
A ſquare i is a parallelogram, whoſe Kides are all 
wa, and its * all right ones; as (fig. 16 16.9 


DzriniTrion XII. 


A rhombus is a parallelogram, whole ſides are 
all equal, but its angles not right, as Gs: 17.5 


Dzrinition XIII. 


Al other four-ſided figures. bee t | eſe 
called aper or e ag Took Thaw 
NH 
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1 Dxrrnivion XIV. 
A right line, joining any two oppoſite angles of 


8 2 ve figure, is called a diagonal, 


* 
* 


D ETINXIT Io XV. 

: 4040 fide AB (fg. 18.) upon which any 
 parallelogram, ACEB, or triangle ACP, is ſup- 
poſed to ſtand, is called the baſe; and the per- 
pendicular CD falling thereon from the oppoſite 
angle C, is called the altitude of the * 
13 or triangle. 


+. 1  Deriwvirion XVI. 

All plain figures, contained under more than 
I, (hes, are called polygons; whereof thoſe 
having five ſides, are called pentagons; thoſe ha- 
ving ſix ſides, hexagons; and ſo on. : 


{1 


Bas , Dzyrinirion XVII. 


5. regular polygon, is one whoſe ſides, as well 
ns angles, are all equal. | 


DryiniTION XVII. 


In a parallelogram A, B, C, D, (fig. 19.) if two 
. lines EF, Hl, parallel to the ſides, inter- 
ſecting the diagonal i in the ſame point G, be drawn, 
e the parallelogram into four other paral- 

lograms, thoſe two GD, GB, through which 
the 1 — does not paſs, are called comple- 
ments, and the other two, HE, FI, Pe. 


f 3 about the diagonal. 


e i XIX. 
ge te refiangls: is. faid to be contained under 
wo Tight lines, AB, BC, that are the baſe 


alkirude thereof (fig. 20.) 
87. The 
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9. The oppoſite ſides AB, CD, of any paral- 


lelogram ABCD, are equal; as are alſo the oppo- 
ſtte angles B, D, and the diagonal AC, divides the 
parallelogram into two equal parts (fig. 2 1.) For 
AB, DC, and AD, BC, being parallels, the an- 
gle BAC is equal to DCA, and BCA equal to 
DAC, from art. 81. Therefore the equiangular 
triangles ABC, ADC, having AC common, are 
equal in all reſpects. (Cor. 2. to 84.7) 
88. Parlllefograme. ABCD, BCFE, ftanding 
upon the ſame baſe BC, and between the ſame pa- 
rallels BC, AF, are equal (figs. 22 and 23.) 
For the angle F is equal to BEA, and CDE 
equal to A (81) therefore the triangles FDC, 
EAB, are equiangular ; they are alſo equal, be- 
cauſe CF is equal to BE (Cor. 2. to 84.) therefore 
if each be taken from the whole figure ABCF, 
there will remain ABCD equal to EBEF. 
Cor. 1. Hence triangles BAC, BFC, ſtanding 


upon the ſame baſe, and between the ſame paral- 


lels, are alſo equal, being the halves of their re- 
ſpective parallelograms from the axioms. 
Cor. 2. Hence all parallelograms or triangles 
whatever, whoſe baſes and altitudes are equal, are 
equal among themſelves; becauſe all ſuch paral- 
lelograms are equal to rectangles, ſtanding on the 
ſame baſes, and between the ſame parallels; and 
theſe laſt are equal by the precedihg propoſition. 
89. The complements FC, EA, of any paral- 
lelogram AC, are equal (fig. 24) 
For the whole triangle DCB, being equal to the 
whole triangle DAB, and the parts DIE, EEB, 
Teſpectively, equal to the parts DHE, EGB, 
EC, EA, muſt likewiſe be equal from axiom 4. 
90. In any right angled triangle, BAC, the 
ſquare BE, deſcribed upon the fide EC, ſubtend- 
ing the right angle BAC, is equal to tlie N 
: | . 
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| BG, CH (taken together) deſcribed upon the 
fides AB, AC, containing the right angle (fig. 25.) 

Join AE, AD, and FC, and draw AM paral. BW 
lel to CE, from (Cor. 2. to 88.) the triangle. ECA | 
is equal to BIC; and from the ſame, the triangles 


are half of MC and CH, which alſo muſt be 


equal; and by the fame methods is proved, that 
BM is equal to BG; therefore BM, and MC to- 
gether, are equal to BG, and CH, together. 


The Arrric Arion of theſe ProposrTIONS, 


gr: The firſt propoſitions of geometry, are for 


, the demonſtrating of all thoſe that follow, that 
you may advance upon principles only, tq thoſe 
11 that are uſeful; which I ſhall now ob- M 
rve, and apply as I did before, in the arithmeti- 
cal part. 1, Ts 
It is obvious, that as the number of lines in- 


ereaſe, ſo do the number of properties; for when i 


 Iimple;z but when we came to three, the pro- -] 


ties were many and intricate, which would be 
nning out of our courfe EE. 
Therefore the firſt that offer fe | 
chat in art. 83, where it is ſaid, that the outer 
angie 2 equal to the inner angles taken toge- 
- F 2. For part of the propoſition is applicable to i 
a Tuzee engine of a good conſtruction, as in 


(fig. 26.) where AB may repreſent the bar of the *' 
Engine, and ab the 7 75 ſliding piece, for to 
carry your cutter; FDCEf angular pieces, at 


right or any other angles the maker pleaſes, move- 
able about C as a centre, that they may be open- 
ed to any angles DCE, or CDF, which angles 
will contain the velocity of your fuzee, or rather i 
the number of turns in it; dh, a piece gs your 

x | \ PA © 8 | ſcrews 3 f 
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| ſcrew, which, by its motion againſt the piece 

CEf, will give motion to the triangular piece 

- FDCEYf, when fixed on its angle on the centre C, 

and ſo give motion to the line DGF, which will 
move your cutter along the line ab. 

For any thing I can fee in the principles, an en- 
gine on this plan would be equal, if not ſuperior, ta 
any other; for by the opening of your angular piece 
DCE, you have the variation of chreads, and it may 
be done ſo exact, that you may know how many 
turns would be in it, before you begin to cut; as the 
angles DCE, and CDGF, are inverted and equal, 
the motion conveyed to your fuzee will be uniform 

from end to end, let it be ever ſo long; and by 
inverting the piece, or turning it on the other ſide 
of AB, and conſequently changing ab, the whole 
will be changed, by which the engine will cut et- 

ther right or left. | 

93. The propoſitions from 86 to 90 inclu- 
fave, are of great uſe in geometry, in demonſtra- 
ting other propoſitions ; but in mechanics, in find-- 
ing the quantity of motion, when it is compound= 
ed of ſeveral forces together, they muſt be under- 

| ſtood, and well too; for let us ſpeak of what fort 
of. motion we will, we cannot ſpeak of any but 
what are connected with one or more cauſes, that 
conſtitute an oblique motion, though we may ima- 
gine it to be direct. If motion was purely direct, 
bodies moved by an impulſe would never ftop ; it 
is their oblique. tendency that cauſeth them to ſtop. 
For example, let a body be put in motion, in 

the direction AB (fig. 27.) and by the force given 

E in ſome time, it will defcribe the ſpace AB; and 
4 let it have a leſſer force given it, that it may de- 
fcribe a ſpace equal to AC in the ſame. time, and 
in that direction; now let the body be „ 


_ 
By 
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both forces together,” it will deſeribe the diagonal 
AD; for the two forces ſeparately, in the firſt mo- 
ment of time, deſcribed the length and breadth 
of the parallelogram, viz. AB and AC; and in 
the next, they will form two others infinitely leſs ; 
and in the next a ſimilar pair, Ec. Aer till they 
are both deſtroyed in the point D. 

But as the lines AB, and AC, are Giginithes, 
they deſcribe the line AD, which is the diagonal ; 
therefore the two forces togerher will defcribe the 
fame line AD. _ 

If one force be erm . while the 
other has an accelerated decreaſe, then the line 
AD will be curved, and the curvature will be on 
the ſide of the uniformly decreaſed force. 
As all bodies in motion have a retardation, they 
may all of them be ſaid to deſcribe the diagonal of 
ſome parallelogram; and conſequently their mo- 

tions may be ſo decompounded. viz. into the one, 
which acted the body in a right direction, and into 
that which ſtopped it, or gave it a contrary di- 
rection, and which will always be known, if the 
lines that repreſent one of them be known, when 
two forces are concerned. e 

Alſo, if one direction of the body s motion be 

known, the other is known too, from the tendency 


of the body, as all bodies projected forwards and 


upwards, on the ſurface of the earth, come to 
the ſame, their tendency muſt. be in the earth; 
therefore, When we want to have a direct mo- 
tion, we ſhould « contrive to keep it clear of indi- 
rect or oblique motions as much as convenient. 
94. Now to ap ply. ly this to the caſe of apair'of clock 
pallets, it Rafi y underſtood, that they are mo- 
ved on the principles of the lever. Note, as the 

rſt. TY: 2 of, the ſwing wheel goes 8 
at. 


WP; , 
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at every eſcape, I call that the aſcending pallet, 
and the other the deſcending one. e 

Let the line AB (fig. 28.) be the diameter 
of the ſwing wheel, and AC the diagonal of the 
arallelogram formed from it; then it is plain, that 
F, or CD, will be equal to AB, and equal. to 
the direct length of the pallets, from the cen- 
tres For C; now the motion of the ſwing wheel 
is from A to F, and the lines AB, and AE, will 
repreſent the direct forces, which form the oblique 
one AF; and ſo will AB, and AD, in like man- 
ner form the line AC; but all the direct force to 
move the lever DC is AD, and the other is AB, 
which has no power to move DC, becauſe it is pa- 


TCC ͤ ²˙ A en 734 7 
Ihe query now is, at what diſtance the centre 
of the pallets muſt be from the ſwing wheel? If 
the power of the ſwing wheel was increaſed, by the 
line AD being increaſed, then, in proportion to 
the length of the line AD, would the power of 
the wheel be; but the power of the wheel is at all 
times the ſame, for the force is uniform, and by 
the length of the line AD, the velocity is not, in- 
creaſed; therefore its force to overcome the reſiſt- 
ance of the pallets, is the ſame in long as in ſhort 
pallets. Ot art noe Coy ally cnn ada SOLE 1. 
Conſequently, the advantage or diſadvantage of 
long or fort armed pallets, is in thoſe that make 
the leaſt or greateſt reſiſtance to a given force; 
but action and re- action being equal and contrary, 
the lines which before formed the force or power 
of moving, will in re- action repreſent the power 
of reſiſtance; that is, DC, and BC, will repre» 


1 


fs # 


* — 


ſent the two powers which form the oblique reliſt- 

ance AC; but DC is parallel to AB, and BC is 

perpendicular to it; therefore the reſiſtancę from 

te point © ill be a the live BC, er AD. Hence 
: * 
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chen it muſt follow, that pallets which are long 
armed have a greater reſiſtance than ſhort ones, 


and conſequently are not ſo advantageous. 
What has been proved of the aſcending pallet, 


may in like manner be of the deſcending 
one; and by the ſame lines. Henee alfo, we, may 


on her the conſtruction of a'pair of pallets: of the 


refiftarice ; for as the reſiſtanee is as the line 
BC, or AD, conſequently when AP, or BC, be- 
come nothing, the reſiſtance will be the leaft poſ- 
fible; but AD, and BC, are nothing; when DC 


coincides-with AB, or they become one line; ſo 


that a pair of pallets of the leaſt reſiſtance, is when 


they move in a diameter of the ſwing wheel, and 


at the extremes, not unlike a ſliding piece fixed to 
the plate; and if they were executed upon fric- 
tion wheels, &c. a clock might be made to go 
with near one tenth of the weight which is ap- 


ended i in common. 


What I have above demonſtrated, 1 whit is ve- 
ry clear. The cauſe of ſeveral of our eminent 


artiſts running into the mode of having long arm- 


ed ts, is through miſtake, in imagining that 
We dor of the Wing wheel is che, obe it is 


oblique; if it was direct, to be ſure, e 


the arms the leſs the refiſtance yauld 5 85 PP 
Mr. Emerſon, in his defc 


machines, ſpeaks of the ye e of Wee 9 85 


ſays they wonid be long; ani in his concluſion on 


their/confiruction, he fa s, perhaps they would 
de better ſo and fo, and which gave me great 


furprize, to have ſuch” a concluſion from fo learned 


| confider the principles of watch pal- 


lets, or the verge, &c. &c. 


The action of our common verge, is as near à 


duet motion as can be come at; che figure mw 
. = a 


S. S. „ 15 
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(29) may repreſent the angle of the pallets, which 
we will ſuppoſe not yet determined whether ob- 
tuſe, right, or acute; the little circle aoc, may 
repreſent the ſtaff of the verge. ren,, 
When the balance wheel meets one pallet, ſup- 
poſe oC, its foree will move the ſame into the po- 
ſition OD; but when OC is moved to OD, A0 
becomes OC, conſequently the angle COD will be 
equal to AOE, therefore they muſt both be right 
angles, by (defin. 5. in 78.) Hence then the angle 
of a verge muſt be a right angle from its principle. 
Suppoſe the angle was an obtuſe one, or an out 
ſquare, as they are called; as the front of the 
| wheel moves along OD, or parallel to it, the tooth 
will paſs or eſcape at D; when the point of the 
other meets OC at, or near the point O, which it 
will do when the angle is right; as the pallets 
OC or O are ſuppoſed of the fame breadth in both 
caſes, conſequently the tooth will paſs at the point 
D when the angle is right, as when it is obtuſe. But 
when the angles right, the line OC, or the com- 
ing pallet, will be brought to its line of direc- 
tion, for the point C will be then perpendicular 
to O; but when the angle is obtuſe, tho the tooth 
meet OC at O, the point C will not be perpendi - 
cular to it, but will be at a diſtance from its line 
of direction; conſequently the pallet will meet 
the wheel obliquely, and as much as the obliqui- 
ty, ſo much'of the direct force will be loſt; or by 
gure (30) when the tooth has met the pallet at 
O, the pricked line OE will be the obliquity ot 
the coming pallet, by which the motion is loſt ; 
for as the wheel by its parallel motion cannot 
move the line OD farther than the wheel's plain, 
then che force of the wheel will be deſtroyed, by 


* 
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its being applied before the pallet is come to its 


le COD'(fig: 31.) 
be acute, the wheel, by its motion, will move the. 


line of direction 
Again, ſuppoſe that the an 


paller.OD as before, parallel to its plain; then 
oC, or its equal OE, will be within the 


liquely; and as before, as much force will be loft 
as the obliquity in the meeting pallet — 
Hence again, the pallets of verges ſhould be 
at right angles to each other. oO 
It appears from this demonſtration, that what- 
ever force be loſt by pallets being in the ſame 
will be loſt by them being out ſquare; it mat- 
ters not which error be choſe, if either be admit- 


* 


ted. From hence, we may gather the real depth» | 


of verges; for as the angle is to be right, the 
breadth of the pallet will be from the front of the 
perpendicular pallet, to the paſſing of the tooth 

over the other; or in (fig. 32.) where BC is the 
perpendicular pallet, and AB the ſcaping one. 


Now it is plain, that if a verge ſeapes at A, 


when the front of the tooth comes to BC; if any: 
obſtacle, ſuch as ab, be in the way of the meeting 


pallet then ſo much as the ſpace ab will be taken 


from AB, before the tooth will eſcape as before, 


becauſe there is an equal deduction in both ſides 


of the balance wheel; therefore, as much matter 
as is left above the centre, fo much will the ſcap- 
ing pallet be deprived of its breadth ; but as much 
as pallets loſe im breadth, ſo much is loſt in pow- 


er; therefore pallets ſhould not have their fronts 


The fronts of every balance wheel tooth is ob- 
poſite the middle of its oppoſite ſpace; conſe- 
quently the half of each ſpace is the breadth of 


the pallets; and when the front of the tooth cuts, 
„ 1 — 


* *. 
. 
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| Win perpendi- 
cular, and conſequently will: meet the wheel ob · 


reliſt 
in all 
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4 middle of the ſtaff of the verge, the wheel is 
n its mathematical poſition of eſcaping; but as 


and we, in all caſes, make an allowance for error, 
here we ought to do the ſame, and more ſo, as 
t is the moſt material part of the movement; 
therefore all finiſhed verges ſhould have their pal- 


mce ſaid to me, he doubted if ever it would be 
poſſible to bring them out of it, nay, if one roſe 
fom the dead to prove them wrong. „ 
However, every one poſſeſſed of a favoured 
opinion, have their reaſons, theſe which follow 


kquently gives them a livelier motion, with ſome 
ther trifling nonſenſical notions. vi inc wt, 
Firſt, if verges were ſunk paſt the centre, the 


were wore, which would be time to have a new 
rerge z but by their not being ſunk, is the cauſe ot 
their padding, for the tooth meets the pallet at the 
bottom, and retards its motion; and as it preſſes 
o near the centre, the wheel ſubmits the greater 


hence to the edge of the pallet. As to their hav- 


— 


there is no poſſibility of executing equal to theory, 


lets below the centre. This is ſo prevailing a 
under, that I ſcarcely: know where we can find 
ne work man, but 1s poſſeſſed of an opinion, as 
f orthodox, that all verges ſhould. be ſomething. 
ove the centre; and as the aſſiduous Mr. Story 


xe theirs, viz. that if pallets be little ſunk when 
they are padded, they may be repaired z and that 
the front of the tooth meets them ſooner, and con- 


padding would not come into being till the pevots 


rliſtance-in the ſtroke. This is the. reaſon, that 
n all theſe ſort of verges, we ſee a double pad, 
"z a hole near the ſtaff, and then a gutter, from 


ng a livelier motion, is anſwered by the pallet's 
neeting at the centre; for as it meets thete, the 
yheel cannot have ſo great a power as if it met at 


I e nad. 
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|. their conſtruction being like a cylinder, half al 
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the top, conſequently its motion muſt be livelie} 
ſomething after the ſtroke, than at the time of ig, 

If the force of the meeting pallet is not check 

ed by the ſubſequent one, then they would be bef 

if not ſunk at all, but left much above the cen 

tre; nay, and above the ftaff too, for then t, 


force would be as a puſh from a force at the en 


of a lever, and would have retardation till the 
force was ſpent ; then the other pallet ſhould be 
ſo near, as to paſs out of the way of the fubſ 
quent tooth, which is to give new motion; but 
all the force here muſt be from velocity, as thi 
teeth of the wheel take fo little hold of the palley 
and in conſequence, the balance to fuch pale 
« muſt be very light. How far pallets of this co 
ſtruction may perform, have been fully tried; and 
are what are called club pallets or verges, fron 


through with the fronts of the acting edges aþ 
moſt in a right line. If it was not evident to eve 
ry one who will give himſelf trouble to examing 
they might be proved to have very little, if any 
advantage, more than curioſity in them; ' befideg 
if ſuch a motion as theſe pallets or verges call 
give be defired, we have the cylinder by mas 
degrees ſuperior in principle; and which is e 
cuted by ſeveral hands equal to imagination itlel 
From hence we may conchude, that the comma 
verge is the beſt principle for a large quantity 0 
motion or momentum ; as its pallets are moved 
without any oblique motion, if juſtly proportions 
to a train of wheels, muſt be a good regulator i 
them. It may be made ſuperior or inferior 
pleaſure, by altering the breadth of the pallets o 
Iy, which is a cuſtom with ſome; and alfo to mak 
2 little balance wheel, &c. and muft be a vey 
wrong way, by curing one blunder with another 
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"Te is true, that to make the momentum of your 
regulator ſuperiot-to the motive force of the wheels 
is beſt; but if the motive force of the wheels be 
. ſupetior, they ought not to be diminiſhed. to a leſ- 
ſer momentum ; for this would be to diminiſh the 
ſize of your piece, and be unmechanical 3 but the 
momentum of your regulator muſt be raiſed to the 
motive force of the wheels, ſo that they may keep 
” eachother in a juſt equilibrium. 
96. Though theſe common pallets have the ex | 
cellent property of having no vbliquity in them, 
in receiving the power from the wheels, yet they 
have their concomitant evil, which is the acquired 
veloeity in their motion; from what has been de- 
livered on their principle, they move a right an- 
ge; but by their motion, the freedom in eſcdp- 
ing, they acquire another right angle, or move 
half round; and as they can acquire ſo much by 
velocity, they may alſo loſe as much nearly, there- 
fore they have near a ſemicircle for variation, and 
as they vary in this ſemicircle, ſo does their time; 
therefore unleſs they een. be prevented varying ſo 
much in their arc of vibration, or the different 
vibrations can be made to perform their. office in 
the ſame time; I fay, unleſs one or both of theſe 
deſiderata can be obtained, we are not to expect 
any aceuracy from common pallets. 
A - Mr. Harrifoh was {6 fat certain of. a dire& mo- 
= +» tion, and at the ſame time aware of the accom- 
| panying evilsabove hinted at, that he utdertoovk 
|. the management of both; and as far as I under- 
ſtand the matter, the diſadvantages feem to be re- 
moved, but how, would be too bold an attempt 
in me to explain, ſinee it will come beſt from him- 
ſelf, as being the ſole inventory and in which he 
ſtands unrivalled; I ſay unrivalled, for there is 
hardly one improvement that has come from 
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that great mechanic, but what is depreciated, or 


called the invention of ſome other perſon; Mr. 
Huygens did this, Mr. Dickie that, Mr. every bo- 


dy ſomething, and Mr. Harriſon nothing, to be 
ſure. He has this honour for his comfort, hows 


ever, that ſome of his greateſt oppoſers have at- 


tempted the ſame conſtructions, and, for want of 


abilities; have been obliged to lay the project 
aſide, after much expence and loſs of time, &c. 
When any ingenious man has made an improve- 


ment upon any prior production, it is a meanneſs 
to the laſt degree in the objectors, to alledge the 


prior invention by another, if the invention was 
public; for if ſo, it was open to the objectors 
as well as the improver; and as the former want 
to be thought great, it is undoubtedly real igno- 
rance, or want of abilities, if they are not ſo. 

97. As I have treated upon the common pallets, 
&c. it may be proper to follow with the principle 
of the cylinder, though it is before the geometry 
neceſſary for its demonſtration ; therefore either 
omit the reading it now, or ſee (99, &c.) and 
(12 re) 

Let the circle CDBB, &c. tis 33.) be the re- 
preſentation of the inner circle + a cylinder 
wheel; and let AAE be the outer one of the 
ſame, i it is tequired to find their difference, or AB? 

It is plain, that the ſeveral parts AA, AA, 
&c. are equal to the ſeveral parts AB, AB, &c. 


ſo that if the inner and outer diameters of a 


cylinder were the ſame, then twice ſo many times 
would the wheel contain the cylinder, as the wheel 


is to have teeth 3 or Fong wheel 159 10 MOVE, as Jane 
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cylinder; therefore the whole circumference will 
be equal to the ſum of both, multiplied by the 
number of teeth; but it is plain, from (fig. 34.) 
that AD, and AE, are equal to the ſum of both 
diameters, and that AE, or the greater, is equal 
to the leſs, and twice the ſum of the metal in one 
fide of the cylinder. Therefore the whole circum- 
ference will contain twice the inner diameter, and 
twice the thickneſs of the metal on one ſide of 
the cylinder. Thus let the inner diameter be 
called 1, and the thickneſs of the metal on one 
ſide be Te; and let the propoſed teeth in the 
wheel be 13, then the whole of the circumference 
will be 283. If the teeth ſhould be choſe 13, then 
the circumference will be 33; and from the pro- 
perties of the circle the diameter will be 2; or in 
the firſt caſe it is 9.5, and in the ſecond it is 11; 
the half of which, in each caſe, will be equal 
to AC. 5 55 | 
From the motion of a wheel and cylinder it is 
plain, that the tooth ought to act at right angles to 
a line which would touch the cylinder; but from 
(107) if a right line touches a circle, it is at right 
angles to the diameter of that circle; and from 
(Cor. 2. to 79.) its oppoſite will be a right an- 
gle; therefore the angle ADC is a right angle, 
for it is the angle oppoſite the one formed by the 
diameter of the cylinder, and its tangent. Hence 
from (90) we can find the fide DC, of the trian- 
ge DTT 4 OY 88 
For we have this rule, the ſquare of AC is 
equal to the ſum of the ſquares of AD and DC; 
but we can always find AC, and AD, is given 
equal to 1, or the inner diameter of the cylinder. 
When the teeth of the wheel are ſuppoſed 13, 
AC is 4.75; and when the teeth are ſuppoſed 13, 
AC is 5.5, Now to find DC, or its equal BC, 
2 ot ſquare 


4 
= ST =2=x V 


1 ſquared, 
root of | it,. ” hav 4- 64 PC. = BC. Hence 
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dana $768 11 00 is 22. 5625 from which take 
1 876 re the ſquare 


447 5mm 4+ 64 =: 1 12 AB. "Again, for the other 
20 IS, ate A 18 85 7 NA 5 this ſquared 1 18 30.25, 
from, which take 1 as before,” we have 29/25, the 


root of which 8 5.4. Hence again, Adis =5.5 


— 3.4 = 4. 
Let the metal « on one fide be , or + the inner 
diameter, then the whole circumference will he 


for 13 teeth, 26 K 1.2 = 31.2, one third of 
which is 10.4, half of this, or AC, will be 5.2; 


its ſquare. is 25,04, from which take I, We have 
26.04 to be. extracted; when done, it is 5.1, which, 
taken from 6,2, giyes . 1 = AB; and univerſally 

we Mall find the difference of the diameters about 


— tenth of the inner diameter of the cylinder; 


that is, When the wheel meets the cylinder with the 
leaſt reſiſtance poſſible, the. difference of the dia- 
meters mungen be above one tenth Bray the inner 


1 of the neben or AB, wil 


be. 4 of t! FEE diameter of the cylinder, and 


the power upon the r will be one fourth 
of the direct force. 1 
If the obliquity be as 12 65 des the difference 


of the diameters will ; be be gn half the. inner dia · 
meter of- the e ande force one half the . 


_ 22 
> 
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The vibration being large enough when the 
obliquity is about 4, 1: 4, may be made a ſtand- 
and for all others 25 found by. Suppoſe a train 
ore alexred ee ee e 
reeth in the cylinder Wheel, let it be required to 
find the obliquity. in the variation? It is plain; that 
the increaſe of the teeth decreaſeth the power, and 5 
the reverſe. Let the teeth be 13, which has an 
obliquity of four parts, then what muſt it be in 18 
to the ſame ſized wheel? Say, as 13: 4: : 13: 
1.466, in proportion to the power. But in pro- 
portion to the vibration ſay, as 13 : 4, ſo is 15 : 4.61 
therefore the obliquity in the former caſe is as 
1: 3.466; and in the latter as 1: 4.66. 
From the whole of the foregoing illuſtration it 
is plain, that the larger the inner diameter is, the 
greater power is gained, and the wheel will move 
it with leſs obliquity; therefore every cylinder 
ſhould have its matter the leaſt poſlible, and at 
moſt, no more than what will ſuſtain the preſſure: ' 
of the wheel. 3 3 4 5 SEO A [TER] 116 37 
Hence we arrive at the whole principle of pro- 
portioning the wheel to a cylinder and the re- 
yerſe. Suppoſe a wheel given in diameter to have 
13 teeth in it, what is the tooth, obliquity and 
ſpace ? As the wheel js to have 13 teeth in its cir- 
cumference it will contain 26 times the inner dia- 
meter, and the diameter of the wheel will contan 
2 of the ſame, half of which is 44, or in decimais 
4333 Kc. Let the outer matter on one ſide be 
one, eighth af che inner diameter, and one eighth 
on the, other will make the outer diameter 15 = #2 / 
= 1.25. If 4.333, &c. above found, be"divi-' 
ded by 1.25. it gives the number of duter diame- 
ery in half the een &f the wheel, but the quo. 
tient is 3.46, Kc. Therefore half the given wheel 
is 3.46, and ſhews us the diyiſton of it; for if it: 
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B II 2111 
j it. 


1801 
A 


be divided into three parts, "exclulive of the oh. 

uity, or four uſed in conrtrſon, then one divi. 

gn gives us the ſpace of 'thewheel, or the ſize of 
e cutter. to cut the wheel Witt 


Ades would Abe ? = #5, therefore, if 4.33, 

Abe divided wank — 7 8 3 O09, Let .4 be 
talen for che obliquity, the ſize of the cutter will 
be found from the ſpace being divided into 2. 
Parts very near, and it will be one ef them. Let 
the wheel have 45 teeth in it, then half the dia. 
meter will. be 3, which, divided by 1.25 for the 


_ 85 1 2 rp of deere was one fifth, 


outer diameter, gives 4; from which take the ob- 


liquity in common. uſed, gives '3.6 for the ſize of 


f te cutter, Note, it is às well to have the ob- 


. in the ſize of the wheel, till after the wheel 


15 divided, and then deduct it as above, where the 


by wheel was. to be divided into 4, with the obliquity, 


lch when done, one part gives the ſize of the 


Finde and the obliquity taken from 4, gives the 
inner diameter of the wheel,” if wanted to be 
© known. | <7 {Yi 


Po v7 


This on i is derived 1 the verſed 


1 fine, which is the common method of doing it, 
and cannot be univerſal, ſince it is but in few caſes 
khat the verſed ſine is equal to tlie obliquity. As 
to any practical exceptions,” I ſuppoſe I need not 
tell the work man, ſuch as ſhake, the curve ſurface 
of the tooth, &c. &c, 
. 58, Another uſe of theſe propoſitions that I ſhall 
. notice, is on the principles of the fuzee. It may 


. 


be objected to, a8 not being real theory, for that 
. muſt treated on in the coc ſections, which is a 
ſtep higher than the learner will chuſe to take; 
moreover, hat is here delivered will elucidate 
the matter, and: prepare my reader to underſtand it 
the better, which, if he * he will find well 


handled 


f 


| 
/ 
t 
L 
15 


- 
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handled to his purpoſe by Mr. Martin, in his ma- 
thematical inſtitutions, the ſubſtanee of which I 
have here given from him. 0 % 8 5 
The exertion or reſiſtanee of ſprings are the 
ſpaces through which they are -bent;'fo that, if 
the firſt reſiſtance or force of 'a" ſpring be known, 
and the ſpace;through which it is bent by a iven 
force, then its reſiſtances, or the line Thie the 
ſeveral reſiſtances form, will be known too; for 
twice the force vill bring it down to twice the 
ſpace, and three times the force to three times the 
"Pact. ME 01 toren ee | 
As this law is univerſal; whether che ſpring act 
in right lines or curves, it will anſwer for the ſpi- 
ral or our main ſpring. That the learner may get 
a clear idea of this matter, I will illuſtrate i it thus; 
ſuppoſe that you have a main ſpring in the” barrel, 
and want to know what power it has on the fuzee; 


| let the barge! be held faſt, in the Manner 5 ou hold 


„ *-? 


muſt be N farther 6 our,” to 0 186 e lever in 
equilibrio; when. it is moved mark the place of 
the ball as before, Which will be tlie ſecond force 


* of the ſpri ng, or ſpace, through which it is drawn 


and ſo on, as you contract the N move the 
ball out, and at the ſeveral moves mark the places, 


which places will repreſent the ſeveral powers of 


the Prins at thoſe Points, | 
This 
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f 
| This being premiſed (98: 872 a. ba, cg, The 
es, &. will repreſent the feyeral powers of the 
ſpring: at the points 1, 2, 3, K-, and. as the 
ppring pulls uniformly, the line from 1 to 11 will 
þ DC ar IC une. rn 5: TRA fry +7 "A FG. 
The line al may be called the axis of the fi- 
al, and J.: Is" 1 ; continued, 'woul | meet towar ds 
al, and would form a right. angled triangle; 
but all triangles are the halves of their reſpefive 
arallelograms, ſo that the line 1, 2, 3, &c. may 
called a diagonal, formed from two forces to- 
gether, , viz. the equal ſpaces of the ſpring being 
- contracted, and the increaſe of the power by the 
aces the equal ſpaces are ab, bc, cd, &c. and 
the forees are at, ba, cg, &c, but from (art. 
93.) if while the ſpaces. are equal the forces 
are accelerated, then the line 1, 11, will be cur- 
ved, and in proportion to the acceleration of the 
forces, which is the cauſe of our fuzees being 
curved, , As the figure al, 11, f, repreſents the 
farce of che ſpring, &c. the lame, or its equal, 
will repreſent the fuzee on one fide of the axis 
but from the principles of the lever in (132) if 
one correct the other, they mult be inverted to each 
other, thus ampl (fig. 36) will repreſent the force 
of the ſpring in the ſeveral points m, p, &c. aud 
al, bz, &. to gl, will repreſent the ſhape of the 
| fuzce in the ſeyeral points 1, 2, &c. and al will be 
= the centre of the ſeyeral levers mat, pbz, &. 
1 to. p19, yeh, ham, he property of th lever, 
will keep the power of the Fring eder in all the | 
POWts.L. 2X5 9. ee a em to 1 
From hence. we may form a uſeful Toſtrument, 
zich gught to be uſed by cycry perſon who calls 
himſelf. a fniſher; for it appears from the prece- 
F ding illuſtration, that. a fuzce muſt Hot be of this, * 
f 185 i e e 
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or that ſhape, According to the whim or imagina- ; 


tion of any one; but 19 05 the ſpring is hooked in, if 


there be put VP pon the ſquare of the barrel arbor, an 
efore] Tai down, with equal divifiong 
upon it, and if the ball be moved, according to 


inſtrument as 


the power of the ſpring, and at every move be 
marked the diviſions or parts it comes to, then is 
determined the line of the ſurface of the fuzee upon 
the inſtrument; for if the ball comes to equal f aces, 
the fuzee will be a fruſtum of a cone; and if it be 
found to continually increaſe on the diviſions, then 
the fuzee muſt becurved. To find the curve, take the 
different radii off from the centre to where the ball 
marks, which, being put parallel to each other on 


paper, they will give the ſhape required. Hence 


alſo may be known whether the Pe A be good or 
not; for if the ball, by coming to the diviſions 
follows no regular law, but debe equal an 
ſome accelerated, then it muſt be 1 impoſt ble for 
ſuch a ſpring to be adjuſted, = 

A farther uſe of ſuch” an inſtrument would be: 
when a watch is finiſhed, to tell the power of the 
ſpring, that the trouble of cutting the fuzee to 
it, or of ſpoiling the ſame, may, be faved, which 
would both ſave your credit as a workman, and, 
at the ſame time, do Juſtice to your friend and the 
maker of the watch, 

It would not be amiſs for the fpring-n -makers ta 
be thus provided; for if they made * eir ſprings 
to obſerve, ſome law or other, it would ſtop many 


complaints, which are thrown out againſt them by. | 


pretenders. 
When I was in publck buſineſs, T never cut 2 
fuzee at all; for if the fuzee was good, I always 


got a ſpring, mage equal to it ; and Pif 1 it was bad 
(as 79 5 there, are, more of this ſort than the fore 


mer) | always bad plenty to, ſuit. EE 
| From 
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From the foregoing obſeryations of the combi. 
nation of the ſpring and its fuzee, we may come 
at another error, which is commonly made uſe of 
by the conſtructors of watches, which is, that the 
top and bottom power of the main fpring are not 
e STOLL $33 «< 45 £ * * . 
in proportion to the height of the pillars, or which 


is the ſame thing, to the height of the fuzee. 


In che figure in the preceding illuſtration, al 
will repreſent the top of the fuzee, and ly its bot- 
tom; they are both given, becauſe they may be 
known from the determined ſize of the fuzee; 
when they are known, their proportions are known 
too, then the powers of the ſpring is known, as 
they muſt be in the ſame proportion; but it often 
happens, and 1 have known it, that the powers 
have been as 2: 1, and fuzee as 3: 2; in this 
caſe, both the maker of the ſpring and finiſher 
are blamed, when it is neither of their faults. 
When a calliper is drawn, or in drawing, there 
is given the bottom diameter of the fuzee, or Ig 
in the figure aforegoing, then let be determined 
near the height 05 the pillars intended; alſo let 
a ſpring be tried, which will be about the 
breadth and of the determined form, whether ta- 
„ br got; the ratio between the top and 
otto power will give the height ; as the fuzee 
is to be in the ratio of the powers of the ſpring, 
find by the rule of three the top; thus as power 
is to power, 0 is the greater diameter to the leſs ; 


ſee (ex. 8, &c. to 36.) which will be known. 


The lefſer diameter being now known, their dif- 
ferences” known too, which may be repreſented 
by ( g .) where ab is the leſſer, and AB the 

diameter. When the main wheel is deter- 
mined, the jùmber of turns in the fuzee are de- 
termined. alſo, which we will ſuppoſe 72; there - 


be 


i 
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be divided into 7+ parts; now if the ſpring pul- 
led uniformly, the ſhape of the fuzee would be a 
right line, as Bb; and fo any height at pleaſure. 


might do, while the powers and diameters are pro-. 
tional; but as few ſprings are made ſo correct as 


to anſwer this property, it will be found on trial 


that they act on a different principle, and form 
nearly a curve, which is called an hy perbolaa. 
A fuzee formed from this property will be like 


figure (38) where the diameters are the ſame, but 
the power of the ſpring increaſeth hy an accelera- 
ted force; then if every diviſion be taken as the 
ſpring pulls, the diviſions from C to B will be uns; . 
equal one after another; and as the diviſions in 


A 


the line bC are equal, the meeting of the lines will 


form the curve from b to B; therefore the meetings | 


of the two lines, will give both the curve and the, 
height of the fuzee, which, when allowances are 
made for the main wheel in our common form, 


where the ratio is 2: 1, the height of the pillars, 


are equal to half the main wheel, the main wheel, 


and centre pinion being as 4: 1. See 8 = 


drawing in (216, &c.) This mechanical meth 


of determining the fuzee and pillars, c. wn i x 1 
found more natural, than drawing it by the me, 


tod of a rule, for many ſprings do not pull in 


hyperbolas, nor any other curve that can 
known. 6 $28.05 17 ad 


+ 
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But for thoſe who have a deſire to be informed f 

i, ſhall give the whole method and demonſttation 
from Mr. Martin, as his is the beſt hitherto pub- 


liſhed to the world; and for the eaſe of thoſe who 
may not underſtand the whole proceſs, the alge- 
braic part ſhall be put at the bottom of the page, 


key | - if aft v3 147 Hg AW; 311 as 
and that which may be comprehended from che. 
bgures, &c. ſhall follow here in his own words. 


% 4 
: = 2 art: ff1y}3 
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We are now to explain the theory of that inveys 
tion, by which the ſpring is made to act with an 


equable fotce on the ſyſtem of wheel-work, by 


the mediation of a part called the fuſee, which, 
for that purpoſe, is required to have a peculiar 
form; every one knows how a weight acts upon 
the cylitider, and thereby communicates an equal 
force and movement to the machine. But the 


manner in which the ſpring and fuſee do the ſame 


thing cofijointly, is not ſo obvious, but yet will be 


eaſy to conceive, by attending to the following 


Particulars. | — 

The chain being fixed at one end to the fuſec, 
and at the other to the barrel; when the machine 
is winding up, the fuſee is turned round, and of 
courſe the barrel. On the inſide of the barrel is ff. 
ed one end of the ſpring, the other end being fixed 
to an immoveable axis in the centre. As the bat-' 
rel moves round, it coils the ſpring ſeveral times 
about the axis, thereby increaſing its elaftic fores 
to 4 proper degree; all this while the chain is 
drawn off the barrel upon the fuſes; and then, 
when the inſtrument is wound up, the ſpring, by 
its elaſtic force, endeavouring conſtantly to un- 


bend itſelf, acts upon the barrel by carrying it WM 


round; by which means the chain is drawn off 


from the ful e, and thus ttirns it about; and con- 


ſequently the whole machinery is put in motion; 
No as the ſpring wribends by degrees, its elaſtic 


force, by which it effects the fuſce, will gradually 


decreaſe ;- and therefore unleſs there was ſome me. 


chanical conttivance in the figure of the ſuperficies 


of the fuſee to cauſe that, as the fpring is weakety 
the chain ſhall be removed farther fromthe centreof 


the fuſee, fo that what is loft in Ge elaftis 


City, is gained in the length of the lever ; I. * 
SY” | unle 


of 


L 
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unleſs it were for this contrivance, the ſpring's force 
would always be unequal upon the machine, and 
ſo would produce an unequal motion of the parts 
thereof, The figure of the curves which ſhall 
form the ſuperficies of the fuſee by a revolution 
about its axis, may be inveſtigated as follows. 

Let BCD (fig. 39.) be thecurve, AL the axis of the 
Fuzee, produced ; let D be the point where the end 
of the chain is fixed on the fuſee when the watch is 
down, or the ſpring uncoiled; and B the point 
where it touches it when the ſpring or machine is 
_ wound up. From the points B and D, let fall 
the 1 BA and DH to the axis; in 

which produced, let there be taken AE and Hl, 
proportional to the force or ſtrength of the ſpring, 
when the chain is at B and D. Through E, I. 
draw the right line EIK, interſecting the axis ſome- 
where in K; and from any point C in the curve, 
draw CF perpendicular to the axis in G, then will 
FG be as the ftrength of the ſpring when the chain 


Now ſince the force acting on the firſt wheel 
ought always to be uniformly the ſame, and this 


force being always as the ſtrength of the ſpring ex- * 


preſſed by FG, and the diſtance at which the chain 
acts from the axis of the fuſee conjointly, there- 
fore the force at any point C will be as the rect- 
angle FG x GC; and ſince this is a given quanti- 
ty, it * FG xXx GC = ab, and fo we 
have FG c- va 


That is, the letters a and b are aſſumed as 
known, which is always the caſe in algebra; and 
ſince the force FG is now determined by * un- 
F ue 
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known equation, from the proceſs below (a) it 


becomes known, and is found to be that of the 
hyperbola. Ce 

ie is therefore demonſtrated, that the ſection of 
any given fuzee BDKX, through its axis Z T, is 
determined by two equal arcs BD and KX, of 


two equal and adjacent hyperbolas, beginning from 


their vertices D and K. 43 5 OT | 
It is alſo evident, that ſince TD and ZB do re- 
preſent the force of the ſpring when it is wound 
up, and when quite down, therefore in every 
fuzee truly made, the diameters DK and BX of 
the greateſt and leaſt ends thereof, muſt be _— 


„ 1 2 FUR” HY! * * hae. A 8 4 8 — ak. Foy 


—— 


(a) Therefore to determine the equation of the curve 


n; KH =a, HI=b, HG x, and G =y. Then 
becauſe of the fimilar triangles HKI, and GKF, we have 


HK : HI;: OK: FG ==; that is, a: b:: a+ Fo, 


whence we have aa = ay + xy, which is the equation of the 
curve, and ſhews it to be that of the hyperbola, with reſpect 
o the ſpace. between the curve and its aſſymptotes, as is evident 
rom the properties of the hyperbola. 8 


Hence, when x =o, then a =y, or HK = HD; alſo 


when the point G arrives at A, then y = AB, And becauſe 
EA x AB = IH x HD, we have EA: IH: : HD: AB:: 
a: y :: ſo is the greateſt force of the ſpring to its leaſt force on 
the fuſee. BE „ be | 
Becauſe the ordinates HD, AB, &c. are at right angles to 
AL, the curve BCD, is that called an 3 hyperbola. 
By the revolution of which about its axis or common aſſymptote 
8 the true form of the ſolid or fuſee is generated, as in 
1 SE 5 
| * figure, ADE, FGH, and IKE, MNO, are oppo- 
ite equilateral hyperbolas, deſcribed ahout the aſſymptotes PQ, 
RS, interſecting at right angles in the common centre C. Put 
D, hen CD= SZ radious of the circle 


DEREN, touching the four hyperbolas in their reſpective ver- 


tices, And CF (= CY ACT) = 2 is the 

diſtance of the focus of each ET the center. 

| Laſtly, the parameter ab = KN, the diameter of the circle; 
all which is evident from what is demonſtrated by all writers on 
the properties of the hyperbola in general. | 
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j proportionate. to the greateſt and leaſt force of 
Nin „ 1 
Alſo it follows, that when the proportion of the 
geateſt and leaſt force of the ſpring is known, or 
de ratio of TD to ZB is given; then alſo the 
kngth of the fuzee IZ is a given quantity, or 
there can be but one determinate length to anſwer 
o the two given forces of the ſpring. 


. 


Laſtly, it'1s evident that when the length of the 
fuzee, and one of the forces ID or ZB are given, 


ot to be aſſumed at pleaſure. (a) 


' 
' * 
” 
— 1 —_— are TT . 
dl 
* 5 
* 


(a) Having thus determined the geometrical ſorm of the 
fuzee, we next proceed to illuſtrate 85 e theory of the ſeveral 
caſes by examples, © | —: 3 1 
Therefore put ID = a, ZB = y, and TZ = x, and then 
the equation aa = ay + yx, will appear in its uſual form. 
Whence (1.) if a and y are given to find x, we have 


da 44 A a, 4 — . % ka : 3 | 5 — 
ag x. (2.) When x is given, or x = 1, we have given 


the ratio of a to y; for then aa g ay 2 conſequently 
2): : 2 f 1: a. (3.) When a and x are given, then 


22 


117 s OY 
have a* — ay xy, and (compleating the ſquare) a = 


The proper numbers ſur expreſſing the forces (a) and (y) of 


the ſpring, will be in ounces and drams' averdupoiſe. weight; 


which ounces may be made tenths of an inch in the 'meaſures 


of the fuzee TD, TZ, and ZB;; theſe forces are thus deter- 


mined in (fig. 41.) ; let ABCD be the barrel containing the 


ſpring, and let FBX, be the poſition of the chain or chord up- 
on the barrel and fuzee, when the ſpring is wound up; then 


ſuppoſe the chain diſengaged from the fuſee, and carried un- 


der the barrel in the direction EH to the pulley at H, over 
which it is to be hung with ſuch a weight W 7 as 
will juſt counteract or balance the force 1 of the: ſpring coiled 


up. After the ſame manner, if CDK be the, chain when the 


clock is down; then if this be taken from the fuzee, and paſ- 


— 


* uh SO » 2 


ſed under the barrel to the palley T, and welglith. Tung ov 


then the other force is given or determined, and - 


„ (% Laſfly, when x and y are given, we 


i 
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It only remains now to ſhew the method by 
ſcribed in plano, in order to be made a gauge for 
giving the true form of the fuzee required in any 

Particular caſe, Thus ſuppoſe it be found by expe- 
| _ riment, that the greateſt and leaſt force of the 
| 9 he ; | fpring 


*— — 
FY 


the end, ſuc as ſhall juſt keep the barrel in the ſame poſition, 
then this weight L will be equal to the force of the ſpring ſo 
far uncoiled, therefore TD Sa: ZB =y::W:L 


| CASE I. 

| 25 Suppoſe the weight W be 63 ounces, and the weight L be 
4 21, then a = 63 and y = 21; or becauſe 63: 21:: 3 1, 
we haye a g g and y =1, and then we find x =— —a = 


5 6 =2 a; that is, when the forces are as 3 to 4, the height or 
» length of the fuzee IZ, is equal to the diameter of its baſe 

or end DK. If W:L::2:1:: TD: ZB, then x =a, or 

| | TZ ="ID; when W: L:: 3: 2, then x =; a, and uni. 
verſally, if W: L:: m: n:: a: y: : a ＋ x: 2, then it will 


Sas a> £7 LEM 


„ | ; 

: Given the length of the fuzee TZ = 6, to determine the 
Tatio of the forces of the Hanf; or the weights W, L, which 
will give the diameters DK and XB of the ends of the fuzee; 
fince a g ay ＋ 6, we have a: y: : a 6: a; then by 4 
ſuming the value of a, you have that of y. Thus ſuppoſe 

a S 3, then a: y: : 346: 3: : 3: 4; and in this caſe, 


6 n | 
the diameter DK = 3 XB; and becauſea:y::m:n, there- 
n 


fore for any aſſumed ratio, we have — — x Saz; thus if 


— 1 


Im: n:: 2: 1, then x za, or if m: n: 33 8 then 2x =4, 
* conſequently if x = 6, we have a 12 and y 


Siven the length of the fuzee and the greatoſt force of the 
ſpring, to find what the leaſt force muſt be:; ſuppoſe x = 
TZ = 6, and a = TD = 3, then y = == =1; 
ſo that if W = 63 ounces, we have-L'=-21; if x Sa, then 
„Er 4 ooo 7 


which the hyperbola ADE (fig. 40.) is to be de. 


1 


ſpring, to find 


Wrrn rrs AppLyCaTION: dif 
ſpring to be uſed is 63 and 21 ounces ; then hav- 
ing drawn two lines PQ and RS at right angles in 
C for aſſymptotes, let the angles PCS and RC 
be biſected by a right line GD, continued each 


way indefinitely. 


Then having determined the diameter of the 
baſe DK of the fuzee, take that extent in your 
compaſſes, and ſet it off each way from the centre 
C, in the line DG, to F and C in (fig. 42.); then 


will thoſe two points be the focuſſes of two oppo- 


ſite hyperbolas, ADE and FGH. Having pro- 
vided a ruler ABC of the form in (fig. 42.) you 
fix one end of a ſtring ABF on the end A, and 
the other end in the focul point F of. the intended 
hyperbola, This chord ABF muſt be juſt fo 


much leſs in length than the ruler ABC, as is 


equal to the diameter GD of the circle, that is, 


ABC -D = ABE; then if, with a ſteady hand, 


you move the ruler ahout a pin fixed in the oppo- 


ſite focus C, and at the ſame time keep the chord 
nicely to the edge of the ruler, as at B, with a 


proper pencil or drawing point, that point B will 
deſcribe the required hyperbola ADE (fig. 40.) 
When the curve is thus drawn on paper or paſte- 


board, it will be eaſy to transfer it to a plate of 


braſs or ſteel, and thereby a gauge for giving a 
true figure to the fuzee propoſed. 

In ſuch fuzees of the larger ſort, where the 
diameter of the chord or chain is large enough to 
be conſidered, it muſt be added to the 3 

4 P 2 5 | 5 . 
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Given the length of the fuzge and the leaſt force of the 
e greateſt; let x = 6, and y =1, then 
xy + * T 3y Sb. +05 = = ſo that if 
y = 81 ounces, the greateſt force of the. ſpring will be a = 63 j 
therefore in every caſe, the form and dimenhons of the tuzee 

are geometrically determined, £0 IS: 
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| DK and XB, in the greateſt and leaſt helix of che 


\ 


fuzee. . 


In order to draw the fuzee by ſcale and com- 
paſſes, it has been ſhewn, that there is a ſtated 
proportion between the diameters, and length of 
the fuzee; and therefore in whatever numbers one 
is expreſſed, the other may be expreſſed in the 


ſame; thus for inſtance; if TD be to ZB, as 63 


to 21, then, becauſe. in this caſex =2 a, or TZ 2 
2 TD; therefore TZ = 126, of the ſame equal 

parts; ſo that if TZ = 1.26 inches, or 12, 6 tenths -- 
of an inch, then TB =-.63, or 6.3 tenths, and 
ZB = 21, ot 2.1 tenth of an inch, which are laid 


down from any decimal ſcale, or other ſcales of 


5 ; 


equal part: e 
Theſe things are, I think, all that belong eſ. 
ſentially to the theory of the fuzee in clock- 
work; and could the artiſt in practice execute 
this part to the perfection of theory, it would 
then communicate a motion to the machine, as 
equable as that produced by a weight itſelf. And 
by geometrical conſtruction of the fuzee, thoſe 
which are uſually made by trial with the lever, 


may be compared and corrected in regard to the 


figure and dimenſions. 


Sou o Irigy M. | 
V 8 s n 3 
From the foregoing illuſtration of the ſpring 


and fuzee, it appears, that the power of the ſpring 


is always as the rectangle of the two powers from 


the ſpring, and that gained by the fuzee, which 
might be proved from ſome properties of ſimilar 


right lined figures, to be as the ſquares of the dia- 
meters of each when one is given, but more eaſy 
thus; let the fuzee be given, and let the power 


of the ſpring be increaſed, it is plain, that as the 


ſpring is ſtronger, it muſt be thicker; and in con- 
* | ſequence, A 
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ſequence, to have the ſame number of turns, muſt 
be larger in proportion to the matter, therefore 
the power muſt increaſe as the ſpace and the mat- 
ter in that ſpace conjointly, which is as the ſquare 


of the ſpace or diameter of the barrel; but the 


E Gdiameter- is as the eircumference; therefore the 
power of ſprings in barrels, is as the ſquare of 
their circumferences ; but the length of chains are 
as the ſame, conſequently the power of ſprings in 


barrels, is as the ſquare of the lengths 'of the 
chains which lap round them ; ſince the chains in- 


E creaſe as the fuſees do, conſequently the power 
gained by fuzees, muſt alſo be as the ſquare of the 
length of chains. 6 | 
Hence, as every barrel is given in diameter, and 
the turns are known from trial with the rod be- 
fore laid down, conſequently the length of the 
chain is known too, from the properties of the 
circle; as if the barrel be 1 inch, and have 42 
turns, then its circumference - will (be 3 inches, 
and the whole length of the chain will be 42 x 3 


EF = 13+ inches. 


Hence alſo, if the ſpring pulled uniformly, 


might be known the 42 7 of the fuzee from 


the length of the chain, for the bottom diameter 
is given, which will give the firſt term of an arith- 
metical progreſſion z from whence the laſt may be 
found, or any of the intermediate ones, and conſe- 


| quently the height, hut enough of this already. 


From the foregoing allo, we may compare the 


; difference of power gained from the increaſe of 
© the diameter, with that gained by the increaſe of 


breadth. It is plain, that if one ſpring pulls a 


given quantity, then two will pull twiee the ſame 
quantity, or one of twice the breadth will pull 
the ſame, and one of three times the breadth, 
three times the quantity; bur the increaſe by dia- 
2 - meter 
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meter or arent rence is as the ſquare of the 


fame; therefore let c = the circumference of one 
barrel, and p its power; now let the circumference 


be doubled, to find its power we have ci: p; 4 
4e == = = 4Þ> for the increaſe of power by di- 
ameter. But by breadth the power is 2p, &c. F 
therefore the increaſe of power by diameter is to , 
that by breadth, , as 4p: 2p; or as 4: 2, or as 
. 
99. Having conſidered ſome of the properties 
of two, three and four right lines, meeting and bh 
cutting each other, we now proceed to a different n 
ſort, viz. of a line always keeping at the fame 1 
diſtance from 4 point given, till it meets itfelf, F 
which is called a circle, the given point its centre, { 
and the line which meets its {elf the circumfe- 
| | TENCE 3 1 955 85 1 
= 5 1 
—_  - PDP ETI IT * XX. a 
= 5 A clrele | is a plain figure, bounded by one curve ei 
ine, APCD (fig. 43.) called its circumference, 8 
=_ every where equally diſtant from a point within the 
== _ Circle, ; called the centre thereof; the radius of a ly 
* Cirele is the diſtance of the centre to the circum- 0 
3 ferenee, or a right line EA N 3 the centre of 
=_ :- 6 oy PcG. 1 de 
| D210 XXI = 
, A right line FD (fi 5 44.) paſſing through * 
E ᷑ the centre of a circle, and terminating in the cir- eq 


cumference at both ends, is called a diameter, 


C 
PIT. Ws 74 0 XXII. e T 


An arch ofa circle is any roy of the periphery, 
F as ACB ( 8: nee 
i : "4 RIffYf rv; : : 8 of 
a b Bi 4 | The 
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DEFPTINITIONYN XXIII. 


The chord or ſubſtance of an arch ACB, is a 


right line, AB joining the two extremes of that 
uch (fg. 44.) | 


DevzINtiTion XXIV. 


A ſemi-circle is a figure contained under any 
diameter, and either* part of the circumference | 


cut off by that diameter, - 


 DEevrinxiTion XXV. 
A ſector of a circle is a figure contained under 
two right lines, EF, EG (fig. 45.) drawn from 


the centre to the circumference, and the arch FG 


included betwixt them. When the two lines EF, 


FG, ſtand perpendicular to each other, then the 


{tor is called a quadrant, | 


DEIN IT To XXVI. 


A right line AB (fig. 46.) is faid to touch a 
circle, when paſſing rough a point C, in the 
circumference thereof! it 58 off no part of the 


circle. 


100. If the des AB, BC, cn, Sec. of a po- 
the angles AoB, BoC, CoD, &c. at the centre 


of the circle, ſubtended by them, "wil likewiſe - 


be equal; for Ao, Bo, Co, &c. being equal to 
each other, as well as AB, BC, CD, &c. the tri- 
angles AoB, BoC, CoD, are murvally equilateral, 


and therefore have all the angles * BbC, &c, 


equal 1 to each other, 


The Arrest of the foregoing PRo- 
POSLT IONS. | 
101. On this propoſition. depends the diviſion 


of mathematical inſtruments, for taking and mea- 
"4 ET TK ſuring 


gon (fig. 47.) inſcribed in a circle, be equal, 
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2 _ + furing of angles; for if by repeated trials, or 
any other. means, the circumference of a circle 
= defcribed-about a centre O, be. divided into any 
number of parts, AB, BC, CD, &c. ſo that the 
=- chords be equal, then it is evident from hence, 
that all the angles AoB, BoC, CoD, &c, which 
make up the four angles AoD, DoG, Go, Koa, 
j ; at the centre, will alſo be equal to each other, 
3 ba Let the radius oA of the inſtrument be what you 
pleaſe, in the diviſion of the circle for practical 
uſes, the number of parts into which the circum- 
ference is thus divided, or . the number of equal 
angles at the centre, is 360, which equal angles 
are called degrees; fo that a right angle, conſiſt- 
ing of go of theſe equal angles, is ſaid to be an 
angle of go degrees, every angle being denomina- 
ted from the degrees, and parts of a degree con- 
tained therein, each degree being conceived to be 
ſiubdivided into 60 equal parts, ealled minutes, | 
| - "each again into 60 equal parts, called ſeconds, 
and fo on to thirds, fourths, fifths, &c. at pleaſure. 
I Will here lay down a number of queries which 
naturally occur from this propoſition, as being the 
properties of the circle in mechanics; and though 
' ſimple, when noticed, yet many errors have crept 
into the conſtruction of ſeveral of our machines, 
through their not having been properly conſidered. 
pf 102. It is plain, from the figure of the circle 
and its properties, that the ſpace between any two 
radii, is continually leſs as the lines approach to 
the centre, and the reverſe, as the ſame lines pro- 
ceed from the centre to the circumference, that the 
ſpace is continually greater. Again, the nearer 
the centre, the leſs the power, and the farther 
from the centre, the greater the power; ſo that 
the general properties of the centre and circum- 
ference of circles, are the reverſe of — 
1 ® 5 when 
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when applied to mechanics; nay, they often 
change their offices one for the other, as in the 


f 


caſe of all carriage wheels, &c. 


The firſt queſtion I ſhall propoſe, ſhall be on a 


dividing plate of an engine; by ſome the large 
plate is thought beſt, by others a ſmall one. 
If the diviſions upon either be mathematically 


true, the diſpute is ended; but if error be admit- 
ted, the queſtion is, whether it will: be greater 


= 


upon a large plate or a ſmall one, when brought 
to the centre; I ſay upon a large one. 


For without the uſe of this propoſition, it may 
be demonſtrated thus, ſo far, though we may 
borrow, that the circumference of the leſſer plate 
is.leſs than that of the greater; then it is plain, 
that an equal quantity taken from each, will leſ- 


ſen the leſſer more than it does the greater, which 


is evident from things in common life; for if two 
perſons, one poſſeſſed of zol. the other of 1 ol. 
and if each ſhould loſe gol. one would be reduced 
to nothing, the other to 100l. conſequently the 
equal deduction makes a greater decreaſe in the 


leſſer quantity than it does in that of the greater. 
So in parts of two circles, OBC, and Obe (fg. 48.) 


where we will ſuppoſe a certain error, as DB; if 
the line Dd keep parallel to Bb, the error will be 
greater upon the ſmall circle than upon the large 
one. Now let the error BD, in the great circle, 
be an error from diviſion, ſuch as the compaſſes, 


as the ſame error on bd is allowable in the ſmall 
one, and may be the ſame on both, then BD is 


equal to bd; and as this will be the fame in all er- 


rors to'the centre, conſequently Dd will be paral- 


Ide Mk: FI 
Now let BD be an error of one hundredth of a 


diviſion in the large one, it may be that the ſame 
error will be but one fiftieth of the other; bur. it is 


Plain, 


r OP” 


2 ads 
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that one fiftieth of any thin is The double 
12 hundredth of the — a ſo that when 
there is an error of only one hundredth commit- 
ted, which may ſeem as nothing when in a large 
circle, yet when the ſame is committed in a ſmalt 
ohe, it will appear greater z conſequently when a 
diviſion.is made in a ſmall circle, as near true as 
in the large one, the error will be leſs, ſince the 
appearances are greater in the ſmall one than in the 
large one. It will appear more evident thus, 
ſappoſe v. I of a diviſion be made in the ſmall cir- 
cle, it may be perceptible in it, when it cannot 
be in one with a diviſion of twice the ſpace, where 
the error will become u part; conſequently it 
is more difficult to diſtinguiſh one of the latter 
than one of the former in practice. 
Thoſe who are for large plates, imagine they 
do a mechanical matter, when they have got one 
of a large diameter, perhaps of 2 feet or more, 
and then the circumference will be 6 feet, or 72 
inches; now it will be thought a nice matter to di- 
vide ane of the inches into 100 parts actically; 
but admit it poſſible, one of half 15 diameter 
will anſwer the ſame purpoſe, when the one fif- 
tieth part will come up to the ſame accuracy, and 
the errors will appear ſaoner, So upon the whole 
it appears, that what may feem a ſmall error at 
the circumference, will become a large one at the 
centre; canſequently the diviſions are to be made 
' as near the centre as can be, for diſtinction ſake. 
It is alledged, that the larger the plate, the er- 
ror will be divided into a ſmaller part at the cen- 
tre, thaw if it had been made from” a ſmall plate, 
which is true; but it muſt be conſidered, that as 
you advance from the centre, you muſt be ſo much 


the more aecurate your divitions ; or what you 
# gain 
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gain in the ſize, will be loſt in the deception of 
the diviſions. | 


I once made an experiment of this matter, 


which was, that I put with a pair of dividers 21 
at the centre of a large plate, and the ſame num- 
ber at the circumference; though they were 


equally true to all appearance, I never could cut 


ſo accurate in the one at the outſide, as I could 
with the inner one. To account for this ſeeming 
paradox, you muſt conſider, that as your plate is 
larger, ſo ought your dividers to be increaſed in 


the length of the legs; and they cannot be too 


long, for they ought to be perpendicular to the 
plain of the plate; but what may be wanted for 
a full inſtruction on the dividing of plates, or all 
ſorts of mathematical inſtruments, will be found 


delivered by Dr. Bevis, in the beſt method extant. 
Hence appears the cauſe why- ſubdiviſions da 


not ſucceed; for if 100 was to be put on a plate, 
it may be divided into 2, then into 4, and each 4 
into 5, which will be 20; and each of theſe into 
5 again, which laſt diviſion gives 100; but tho? 
the firſt diviſion 2 may be done ſo correct, as to 
appear mathematically true, and the next may ap- 
pear near the ſame, but as you advance, the er- 


rors will begin to ſhew themſelves in 20; and in 


the laſt 5, which makes up the ioo, appear ſo 
plain, that the ſubdiviſions, which anſwered to one 


ſpace, will not do for that of another, which comes 
from the impoſſibility of dividing a large ſpace ſo 


correct as a ſmall one. This is true in other parts 
of geometry as well as this; for though geome- 
ters tell us how we may let fall a perpendicular on 
paper, &c. which we may do pretty near; but 
let us attempt the ſame propoſition, that the per- 
pendicular may be 100 yards long, it will be found 
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to happen by chance, more than any thing elſe, 
when brought to about an inch in lengtn. 


If chis be the caſe, as it certainly is, it may be 
ſaid we had better have no dividing plate at al}, 
but the wheel, &c. &c. To which 1 anſwer, that 
there is no part of mechanics, but where we have 
an advantage, we have an oppoſite diſadvantage; 
ſuch as what is gained in time, we loſe in power, 
and the reverſe; ſo here, though we gain from 


the diviſions being within compaſs, we loſe in 


wer, for the index to hold the plate to its divi- 
ons; but every mechanic muſt conſider the ad- 
vantage againſt the errors in oppoſition. Now let 
it be queried, whether a piece of work turned up- 
on a thick or a ſmall arbor will be trueſt? I ſay 


upon a ſmall one. This may be reaſoned as the 


laſt; for the equal error will be a trifle in the large 
one, which will be great in the fmall one, there- 
fore never will happen in the latter, ſo much as in 
the former; the oppoſite error is by an arbor be- 
ing ſmall, your work vibrates; this may be reme- 
died by the length of the arbor being in propor- 
oY to its ſmallneſs, which ſhould always be ob- 


103. The next query is, whether a mandrel 
| ſhould be large or ſmall? I. ſay large; for here 


the circumference becomes the centre, or at leaſt 
the finder of its own centre; alſo the equal error, 
which is ſuppoſed the ſame in both, will diminiſh 


the radius of the leſſer more than it will that of 


the larger; and as the holding to the ſame centre 
is the thing meant in this caſe, conſequently a 
mandrel of a large diameter is ſuperior to one or 


a ſmall one. The objecting error is the friction. 


104. Hence then, we may gather two capital 


blunders committed by our engine-makers in ge- 


neral, who cauſe the cutting arbors and axis 5 
8 . | the 


x 
* 


| 
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the plate to run upon points; the objecting errors is 
the friction, which may be eaſily avoided; but as 
this has been done by the ingenious Mr. Smith, and 
may be ſeen by any one, I ſhall forbear to men- 
tion the improvement. Somewhere I ſaid] would 
give my opinion upon an engine of the beſt con- 
trivance, - &c. with ſubmiſſion to the above- men- 
tioned great mechanic; I think his improvements 
might be carried ſtill farther, as the axis of the 
plate may be as large as poſſible for the beſt ; Why 
then not as large as the plate? If ſo, the circum- 
ference of the plate may do; but the objection is 
the increaſe of friction, which may be removed 

by the circumference of the plate running in three 

friction wheels, not unlike the day of the month - 
circle of a common clock; as the circumference 
is become the centre, the diviſions may be put on 
its circumference, to be moved by a ſcrew, which 
will be an univerſal number. for all numbers, from 
1, to the number on its circumference. 


As three points are the. loci of the circumfe- 
rence, three wheels will be ſuperior to any other 
number; if teeth be in the wheels, agreeing to 
the teeth in the circumference, then the plate will 
move nearly equal without the ſcrew, and its cen- 
tre will always be the ſame ; for the fixtures, the 
centre pipe may be turned upon the plate when 
fixed. If an index be fixed on another plate, from 
the axis of the ſcrew, then any number, ever ſo 
high, may be cut from ſuch an apparatus; thus, 
let a plate be of 12 inches diameter, then its cir- 
cumference will be 36, of more; now if there be 
30 threads in an inch, 36 X 30 will give 1080, 
that may be divided by this ſize only; but if the 
diameter be 24 inches, the circumferenee will be 
24 X 3, or 72; and if this be multiplied by 30, as the 
laſt, we ſhall have 2160 for the number * 
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be divided by one turn of the ſcrew: ' Again, if 
the index on the end of the ſcrew be made to g⁰ 
into diviſions of only 360, on the circumference 
of its plate, then 1080 & 360 is 388.800, which 
is the number that may be divided by theſe two 
Plates; or if the other of 2 feet be taken, the 
number will be 2160 x 360, or 77. 600; and if 
the number on the index plate be increaſed, or 
made the ſame of the other, then the laſt number 
will be the ſquare of the firſt, or 1080 x 1080 
= 1, 166, 400, which is a number higher than ever 
is wanted, even by imagination itſelf, for me- 
Vs.. . 
The objection to this, is the cutting of any in- 
termediate number, from unity to itſelf; for it 
muſt be found how many times the index on the 
end of the ſcrew muſt go round for every diviſion 
which is wanted. 5 Pap | 
_ © - Dhivs, ſuppoſe the plate was 12 inches, and 
with 30 threads, &c, as above laid down, where 
the number was 1080, for the turns of the ſcrew, 
Lt it be required to cut 100 by ſuch an engine, 
divide the number by 100, it gives 10, and 80 
pPaoaarts over, for each turn; if , or its equal +, 
e an aliquet part of the index plate, then the 
number on the plate, divided by the parts, or +, 
gives the parts of a turn for each diviſion; let 
the number on the index plate be 360, which, 
when divided by 4, gives 288; ſo that to cut 
100 for each diviſion, you muſt go round 10 
times, and 288 parts of 360; alſo at the next di- 
viſion, the counting muſt begin from the 288th 
diviſion, and ſo go on through the whole. Here 
it may be obſerved, how difficult it muſt be to 
have an univerſal plate for common uſes, as many 
numbers may be wanted, which are not an aliquot 


5 | 1 | ber; as ſuppole 17 
Hart of — index plate number; as upp 8 * 


— 
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was wanted, 1080, divided by 17, gives 63.871 
but as % of 360 cannot be had, the number in 
conſequence cannot be had neither. 


But if a ſet of numbers were formed, from a 


continual multiplication of all the original num- 
bers, as far as can conveniently be put on; and 
another ſet from the remainder, &c. &c. from a 
few ſuch numbers, might be had all the interme- 
diate numbers wanted. This I leave to the choice 
of the workman; he will find what is meant by 
original numbers at the end of diviſion. _ 

' I believe an engine might be made more uni- 
verſally deſigned by ſome farther contrivances ; as 
if the ſcrew was made with: a varying velocity, 
and of a conical form, ſuch as thoſe produced 
from the engine in (122); and then, as the diameter 


is to the plate, ſo would the number be to be pro- 


duced from them. But this requires a greater ac- 
curacy than is to be expected from common me- 


chanics; though I have heard of it being carried 


to great perfection by Mr. Ramſden, mathemati- 
cal inſtrument - maler; but by a different plan 


from any here propoſed, and which may undoubt- 
_ edly have ſuperiority in it. | 


104. It may here be queried, the advantage or 


diſadvantageof long or ſnort mandrels in lathes, &c, 
We ſee in moſt lathes very long mandrels, as 


if ſome great principle was evident in long ones, 


more than in thoſe that are ſhort, ., 


The admirers of long mandrels tell us, from the 


properties of the circle, that as each end becomes 
a centre to its oppoſite, conſequently whatever 
de the ſhake, &c. in the hole at one end, it will 
affect the other leſs in a long axis than in a ſhorr 
one, and if this be the advantage at one end, 


it muſt be the ſame for the other, &c. | 
That this is the advantage meant is plain, but 
5 . whether 
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whether the oppoſite diſadvantage is not greater is 
the query. 3000 3 1 
Firſt, then in a lathe, if the axis have ſhake by 
the preſſure of the hand, it is drawn to one ſide of 
its hole, which, in conſequence, does not keep 
our arbor in a line with your centres; but if it 
"ts ſo, where is the diſadvantage. I ſay, none that 
ever can be imagined, for you may turn with the 
ſame truth, as the arbor which carries your work 
will be in a line with its own centres, and will cauſe - 
no frictienn 8 ö | 
Therefore as the length gives no advantage, we 
are to enquire into its diſadvantage, which is evi- 
dent, for length in ere a vibration or 
tremulous motion, and in conſequence, your work 
will not be ſmooth ; therefore a ſhort axis or man- 
drel in lathes is ſuperior to long ones. | 
105, Our modern conſtructors of watches have 
got a valuable contrivance, which is ſo dear to 
them, that it is a crime to diſpute it, I mean one 
of the barred form. | 8 I 
As the moſt clear explainers of their principles 
alledge the advantage of long axes, I will examine 
into their ſuperiority in this conſtruction of a 
watch; it is admitable, that the axes of the third 
andfourth wheels, in common watches, have a con- 
trary direction at each end by the preſſures from 
their drivers, and thoſe that they drive. 8 5 
Now a barred watch is to cure this unavoidable. 
diſadvantage, to do which, the third wheel is put 
in' the plate for ſake of increaſing the length of 
the axis, that the ſhake in the hole, which is allow- 
ed for freedom, may be leſs; but as the action of 
the centre wheel is at one end, and the other has 
nothing to do, conſequently it will not be effected 
to counteract againſt the preſſure of the centre 


wheel; therefore the preſſure of the * 
e | wi 
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produce the ſame effect in a long axis as in a 

none, ſo that the length of the axis here is of 

advantage, but admit the ſmall imaginary ad- 

Fuge, let us ſee what the wheel muſt ſuffer for it. 

rt, the third wheel being at one end, in its 

jon to move the contrate wheel, works upon 

prevot in the bridge, and the centre wheel acts 

n the ſame ; therefore the pevot muſt ſuſtain 

i the preſſures; and it muſt follow from hence, 

that pevot will be wore off long before the 

fer is touched, without conſidering the danger 

ts being broke by winding up, &c. which I 

je often known. | | 

ſte ſame pevot of the contrate wheel ſuffers near 

kame, for by the wheel driving the balance wheel, 

Ithe balance wheel's re- action is upon the pillar 

hot, and the action of the third wheel is upon 

Lame, therefore the bridge pevot muſt be cut 

f when the other is not touched; theſe are ſuf- 

xt objections to barred watches, let alone the 

ters that are jn them, viz. the throwing all the 

ik into one plate, and by that means weaken- 

pit, and not leaving room for the dial work; 

that upon the whole, a barred watch may be 

med upon as a combination of errors; from 

ich, not one of them can well be looked upon 

the beſt contrived. PTY Fr, ie LAY 

ds to reaſoning with the makers, it is impoſſi- 

, as no men of ſound reaſon would attempt 

km, the anſwers are moſtly hum, they do do, 

id in conſequence may; let them not know your 

It, and aſk why the centre pillar plate pevot is 

be thicker than the other; why, becauſe the 

lion of the main wheel is upon that end, but 

bt ſo in the third wheel, where it is upon the 

me end; if a finiſher was to leave that pevot 
DO 0” | 1 thicker 


* 


4 
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thicker for the above reaſons, I make no doubt! 
would be turned off as a fool in his buſineſs, 


3 


As to their pieces doing, and may do, is mo 
than one half of the makers know; for let them » 
abroad, or into the country, where they will fr 
that few of them will bear examining above i 
years; nay, I have ſeen pieces of ſome of the be 
maſters, that has had the third wheel pevot wo 
off in leſs than 3 years, and has been in no han- 


but the conſtructors and mine. M. Le Roy v 


ſo clear in this blunder, that he has laid down 
plan to get the wheels in the middle of the ax 
by inverting the fuzee; as there are objections to 


form, the error of both may be avoided, by mal 


ing the ratio of the centre to the third wheel abo 
6: 1; and the centre wheel being as large as we 
can be, the third wheel will go above it, andt 
fourth above the third, which would cauſe a lit 
more uniformity in the piece, in particular cyli 
der ſtops would have many advantages if th 
conſtructed. „ 
It would be trifling with the reader to run aft 
all the innovations in the bar way, for which t 
molt monſtrous reaſons are advanced, that wou 
ay give umbrage to the underſtanding of a foo 
y ſome, that watches may be made flatter, b 
cauſe the third wheel is out of the frame; b 
others, that the wheels are larger, and in conſ 
quence gain more power; and laſtly, that the 0 
is preſerved more pure, &c. &c. juſt as if di 
braſs was of a better quality than the plate 
Some who have been accuſtomed or broug 


up to the barred form, being ſenſible of the adva 


tage in wheels being in the middle of the a 


from mechanical principles, have their bars mac 
a great height, in order that the action may b 
nearer an equal diſtance between the two pon 


f 
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But this is ſtill curing one blunder by another, 
and is a contradiction to thoſe who aim at making 
fat watches, who even imagine, that a ſtop watch 
may be made flatter with a barred movement, than 
without, which is a downright abſurdity, particu- 
larly in horizontal _ for as the ſecond's wheel 
nuſt run clear of the bridge, ' conſequently the 
match muſt be the thickneſs of the bridge deeper 
than need be. 
All that I have faid — roy barred watches, I 
fear, will be of little weight t with moſt of my 
readers ;- but if reaſon won't go down, let them 
uke for example the greateſt men, Tompion, Gra- 
ham and Ellicott, who were never led into ſuch 
innovations from any imaginary notions (unleſs 
they were from choice) which undoubtedly were 
well known to them, as to any of the moderns. 
Theſe gentlemen's pieces are a proof of their 
judgment, ſince they are found and good to this 
dy, though ſome of them are near one hundred 
years old, while thoſe of the moderns will ſcarcely 
outlive their makers. To thoſe who are defirous 
having the beſt conſtruction of an horizontal, 
I would adviſe that laid down in (233. whether 
for ſtop or plain; and alſo the beſt plan of a com- 
mon balance wheel, whether ſtop or otherwiſe, 
in (231.) 
What is meant by bars in general, muſt be 
underſtood from their being put in uſe when there 
z; no occaſion ; for when neceſſity requires, they 
muſt be uſed; ſuch as in repeaters, where their 
PRONE is brought i in, and when pottences are to 
be very ſtrong, for jewels, &c. then, to gain ſuch 
advantages, bars muſt be uſed ; and in ſuch caſes, 
or for choice of the wearer, moſt of the forenien- 
toned great mechanics have uſed them. 


And! in 1 the laſt, who has the princi- 
* ple 


of our ſprings; ſo is the curve of the fuzee, with 


like may be ſaid of ſeveral other trivial matters in 17 
the movement part. | 


point E, in the chord AB, let the right line CEF 8, 
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ple of the barred form for his horizontals ; but 
in the common form, where it may be avoided, he 
has kept clear of the principle. All the dif. 
ference between the plans that I have laid down 
as beſt, from Mr. Ellicott's, is only in the third 
wheel being above the centre, and having a train 
in proportion to each wheeP's diſtance from the 
POWer. e Pos : 
can't ſay, but it has given me pleaſure, to find 
one perſon's work agree ſo well to theory, as I 
have found Mr. Ellicott's does; for though 1 
made all my calculations in the country, and at 


a diſtance from, and without any knowledge of b 
this metropolis, yet I ſo nearly agree to his il 
plans, that I ſay it gives me ſatisfaction to find! 
am right from his work, which has been done be- ip 


fore; for his pillars are ſtrictly right to the mode A 


the top and bottom diameters of the ſame. The 


His numbers for dial wheels, though right, are # 
what I never ſaw by any beſides him; and I don't WM. | 
doubt, if examined by ſome, would be ridiculed, 1 


but to thoſe, I deſire the reading of (225. ) dili- 


gently, which will ſatisfy. them for ſuch a choice of N 
wheels, &c. 


„ 


105. Any chord AB of a circle falls wholly 


within the ſame, and a perpendicular CO let fall ol 


thereon from the centre of the circle, will divide 
it into two equal parts (fig. 40.) 5 
Let CA and CB be joined, and through any 


be drawn, meeting the circumference in F. 
It is evident, becauſe CA is equal to CB, and a 


from the property of the circle, that theſe equal * 


lines are on different ſides of the perpendicular 
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cb; and ſo CE being leſs than CA, or CF, the 

int E, take it where you will in the line AB, 
and conſequently the line AB itſelf, will fall with- 
in the circle; moreover, becauſe the triangles 
ACD, BCD, have CA equal to CB, and CD 
common; then will AD alſo be equal to BD, 
from (Cor. 2 to 84.) 

Cor. Hence a line biſecting any chord at right 
ugles paſſes through the centre of the circle. 

107. A right line FD, drawn through any 
point A, in the circumference of a circle, at right 
wgles to the radius EA, terminating in that point, 
vill touch the circle, (fig. ao): 

From any point in FD, to the centre E, let the 
right line BE be drawn, which being greater than 
AE, the point B muſt neceſſarily fall out of the 
arcle ; and therefore, as the fame argument holds 
good, with regard to every other point in the line 
ID (except A) it is manifeſt, that this line cuts off 
to part of the circle, but touches it in one point 
only. 

Cor. The reverſe of this propoſition is alſo true, 
mz. that if a right line touch a circle, then it is at 
noht angles to a diameter of the ſame in the point 
K contact. 

108. The angle BDC, at the centre of a circle, 
double to the angle BAC, at the circumference, 
when both angles ſtand upon the ſame arch BC. 

Let the diameter ADE be drawn, in the firſt 
ale (where AB paſſes through the centre) BDC is 
qual to A and C (gether (8 3.) which is equal 
0 2A, from 84. 

In the ſecond caſe, BDE..i 18 equal to 2 BAE by 
aſe 1.) to which, adding CDE, is equal 2CAE, 
we have BDC equal to 2BAC. 


In the third caſe, CDE is _ to 20AE ( b 
23 cCaſe 


ſ 
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caſe 1.) from whence ſubtracting BDE equal ts 
2BAE, there remains BDC equal to 283 Ac. 
109. The angle ACB, in a ſemi- circle, is a right 


: 915 T "ot the diameter (B be denn becauſe Ach 
is equal to half ADE, and BCP. is equal to half 

BDE, from the ſaſt ; therefore is ACD, and BED 
together, equal to AC B, which, is equal to half of 
ADE, and BDE; but theſe; are equal to half of 

two right angles (79.) which is equal to one right 


APPLICATION of the farther PROPERTIES 
%% WT EO Bf of the CIRCLE. £106 190 | 5 
: | _ 110, The next properties of the circle that gh 
- fer, are in (106.) and its Cor. for if AB wag the 
19% chord of a diviſion of a circle, which was tobe 
ſubdivided, after you have made your ſubdiviſion 
ſuppoſe at D; if a perpendicular be raiſed. fragp 
D, on the other ſide, and continued to the centre, 
it may prove whether your diviſion is juſt op-not, 
Or to thoſe who are fond of making their diviſiong 
from a large ſpace, if two arcs of a circle be ſtruck 
from the points AB, with any diſtance, and a 
the. outlide of the line AB, from the centre, then 
if a line be drawn from the interſection: of tha 
arcs, to the centre the line joining the tyo points 
will give the point D, or the part of the arc 
Which was to be biſected; this may be of uſe ig 
thoſe who ſubdivide their dividing plates, 
111. The moſt ſimple uſes of (107.) are in 
ſprings that act upon bodies on circular axis, or on 
thoſe that move in right angles to the ſpring. 
Thus ing a ſpring to the rack of a clock, 4 
common ſpring's direction is along the tangent-to 
the circular motion of the rack, and conſequently i 
as the ſpring's action along the tangent is but at = | 
: £64 "F —_ pointy 
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r if the rack, or any ſuch circular motion be re- 
ed for many points of the circumference, then 
ona right line to it, or as a diameter of 
eiele continued, will be very improper for 
a office; but as we ſuppoſe, or want the 
Per of the ſpring to act on a tangent to circular 
sss, to have their power the ſame at every part 
eeir motion, then the ſpring muſt have its di- 
sn along the tangent of every point that it 
es, or cauſes the body to move which it drives; 
We no right line can be parallel to another, but 
s perpendicular to one, and the ſame right 
e che other line is perpendicular to; there- 


WT parallel to the body moved; but we cannot 
it in circular motions, unleſs the power be 


ig concentric uncireles, as they are parallel 
nes. Hence then, the beſt ſpring for the rack 


dhe ſame axis, or concentric to it. 
. The next uſe of this propoſition, is in a 
wt pring, for the line AD, or AF, will repre- 
bolt ſpring; if the end of the bolt be round, 
oer of the ſpring will be direct to the cen- 
ic hold; and this at every point of its 
Which will prevent that to-and- again mo- 
which is obſervable in a ſquare end and nob- 
ping, when they are executed by Higginſon 
ſelf, who: undoubzedly is one, if not the beſt 
ger of our modern errors. 


. I ſhall no deliver a ſmall matter on pro- 


1 


on of geometrical quantities, as treated by 
ecters, which will be ſeen to be the ſame of 
entiments on proportion in (30. ) and ſequel. 


be direction of the ſpring muſt be the ſame, 
ur to the body moved, or the body and power 


clock muſt be when, the ſpring is lapped 


- 
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| DEFINITION XXVII. 

Ratio is the proportion which one magnitud 
bears to another of the ſame kind, with Teſped 
to quantity. The meaſure or quantity of a rat 
is conceived, by conſidering what part or parts th 
magnitude referred, called the antecedent, is « 
the other to which it 1s red, called the con 
ſequent. 
| Ir; vn XXVIII. 

T hree quantities, or magnitudes, A, B, C; 
; 2, 8, 
are ſaid to be proportional, when the We th 
firſt A to the ſecond B, is the ſame as the ratio 0 
the ſecond B to the third C.” | 


Briese XXIX. 


Four quantities, Ao B, C, D;\ are ſaid to bt 


4. 5, 10, 
e when he ratio of the firſt A to the 


ſecond-B, is the Tame as the ratio of the third C td 
the fourth D. 


Dos re ar els XXX. 


Of three proportional quantities, the middle 
one is ſaid to be a mean proportional between the 
other two, and the laſt a third 2 to the 
firſt and ſecond. | 


. XXXI. 


Of four proportional quantities, the laſt is ſaic 
to be a fourth proportional t to the other three ta 
ken in order, | 


D E FINITION XXVXII. 
(> B, C, Ds & CO are ſaid to be con 


I, 23 4, 8 9 valy 
tin 
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tinually proportional (or in continual proportion) 
when the firſt is to the ſecond, and the ſecond to 
the third, as the third to the fourth, as the fourth 
to the fifth, and ſo on. 


pier rr ion XXXIII. 
In a ſeries, or rank of quantities continually pro- 


be duplicate of firſt and ſecond; and the ratio 
of the firſt and fourth, buen to that of the 
firſt and ſecond. 


Darin T 10 XXXIV. 


or propounded, the ratio of the firſt A to the 

luaſt D is ſaid to be compounded ; of the ratio's 
of the firſt to the ſecond, of the ſecond to the 
third, and ſo on to the laſt. 


ron XXXV. 


reſpectively, and alſo the lides about the equal an- 
gles proportional. 


themſelves (fig. 53, 54, 55, and 56.) 


number Mg, to any other number Na, or, which 
is the ſame, let AB contain M3; ſuch equal 
parts Aa, ab, bB, whereof CD contains the num- 
ber N4, let there be taken Ef, fg, gF, any equi- 
multiples of Aa, ab, bB, reſi pectively; and let 


Gp, pq, qr, rH, be the lame » multiplies of Cc, 
e 


cd, de, eD, ſo ſhall the whole EF be the ſame 
= _ aſſigned multiple of the whole AB, and the 


whole GH of the whole CD; as each part in the 
j one 


* 
| 
4 
I 
. 
: 
4 


portional, the ratio of the firſt and third is ſaid to 


Any number of quantities ABCD being given 


- Similar (or like) right lined figures, are facts: 
| which have all their angles equal to one another 


114. Equimultiples of any two quantities 
ABCD, are in the ſame ratio as the quantities 


Let the ratio of AB to CD, be that of any one 
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one. is of its correſpondent part in the other 
ſince the parts Aa, ab, bB, Cc, cd, & c. are 1 | 
equal, their equimultiples Ef, ig, gF, Gp, pg, 
Kc. will alſo be equal ; therefore KLE is in propor- 
tion to GH, as the number of parts in EF is to 
the number of equal parts in GH, or, which is 
the ſame, as the number of parts in AB, to the 
number of parts in CD, that is, as AB is to CD; 
this is plain from the defins. in 113. 

Cor, Hence like parts of quantities have the 
fame ratio as the wholes, becauſe the wholes are 
equimultiples of the like parts. An example, let 
4 and 6 be two quantities, then take any equal 
multiple of each, as 12 and 18, or 16 and 24, 
or 20 and 30, for each pair of theſe multiples 
are as the deen thus, as 12: 18 :: 4: 6; and 
20: 30 :: 4: 6, ſo of 16: 24: : 4 6; and 
alſo as 4: 6: : 2: 3 3 which laſt pair are the like. 
Parts of the quantities 4 : 

115. As I have ſaid before, numbers are ex- 
preſſions of quantities, ſo here the numbers 4 and 
6 may repreſent weights, meaſures, & &c. &c. 

As it will appear in (200, &c.) all circumfe- 
rences of circles are 3 times their diameters, with 

an addition of a ſmall part; as this part is in com- 
menſurate to the diameter, no exact length of the 
circumference to its diameter has · been found yet; 
but as FR circumference is 3 times, &c. conſe- 
quently if any two. different diameters be given, 
then 3 times each, which is their circumferences, 
are out nt ena of the two Samtens and OW: 7 


* = - >; 
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tiples may be found. Thus in calculating. of 


let any equimultiple be taken, ſuppoſe 12 times, 
then the multiples are 48 and 12, which ſhews 
that 48 to 12 are as 4: 1; or in the ſame propor- 
tion, which is, that the expreſſion of the main 
wheel to its pinion, is 4: 1; ſo if we take any 
equal multiple, ſuch as 12, 13, 14, 15, 16, 17, 
&c. times the proportion, then any of theſe equal 
multiples will give us the ſame revolutions in the 
ſame time. | : 

This is the principle on which my method of 
forming of trains depends; for after I have deter- 
mined my proportions, then I take equal multi- 
ples of the ſame proportions for the teeth of both 
wheels and pinions, which may be ſeen in calcus 
lating of trains. 


rence of the ſame as here proved, then the mul- 
tiples will be the teeth in your wheels and pinions. 
117. The two antecedents AB, DE, of four 
proportional quantities of the ſame kind AB, 
BC, DE, EF, are in the fame ratio with the two 
conſequents BC, EF, (fig. 58.) | 
Let the ratio of AB to BC, and of DE to EF, 


Ng, then will AB contain Mz; ſuch equal 
parts Aa thereof, BC contains Ng, and DE will, 
in like manner, contain Mg; ſuch, equal parts 
Dad thereof, EF contains Ng, and fo AB and 
DE, as well as BC and EF, being equimultiples 
of Aa and Dd; thence will AB: DE:: Aa: Dd: : 
Bb: Ee: BC: BF, 6 
Cor. & That the proportionality will ſubſiſt 
when the conſequents are taken as antecedents, and 
| 8 5 the 


trains, The IR may be 4: 1, which is the 
proportion of our main wheels to the centre; now _ 


The given proportion is that of the two diame- | 
ters, and the equimultiples being the circumfe- 


be that of any one number Mg, to any number 
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the antecedents as conſequents, appears from 


hence; for BC: AB : : number of part in BC or 


Ef: number of parts in AB or DE:: EF : DE. 


Cor. 2. From hence we may draw a conſequence 
of uſe, in demonſtrating the doctrine of ſimilar 
triangles, viz. If a right line be drawn parallel to 
one ſide of a triangle, it cuts the other ſides in 
geometrical proportion, at the points of interſect- 


ing them, &c. &c. 


Thus if the line DE (fig. 59, ) be drawn parallel 
to BC, it makes AB: AC:: AD: AE, or AD: 
DB:: AE: EC. 

This is plain from what goes before, viz. than 


equimultiples of any two. quantities are in the 


9 of the two quantities themſelves; as 
E is parallel to BC, EC will be the ſame part 


7, | or parts cut off from: AC, as DB is of AB. 


Then as they are the ſame part or parts, con- 
ſequently the others will be multiples of theſe 


parts, and will be in proportion to them; that is, 


as AD: DB:: AE: EC, or as AD + DB = AB: 
AD: : AE ＋ EC = AC: AE; or as many pro- 
portions may be formed, as we can make multi- 


ples and like parts, or the reverſe, viz. parts and 
like multiple; but this will appear more evident 
from the two next proportions, which contain all 


the principles of geometrical proportions. 
118. In triangles, ABC, abc, mutually equi 


8 angular. the correſponding ſides AB, ab, AC, ac, 


containing the equal angles A, a, are proportional 
ai 6002). :- 
In AB and AC (produced if neceffary, ) take AD 


equal to ab, and AE equal to ac, and join DE. 


The triangles abe and ADE, having ab equal 
to AD, ac equal to AE, and the angle a equal 
to A, have alſo the angle ADE equal to abc, 


_ to ABC,; whence DE will be parallel to 5 
an 
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and therefore AB: AD = ab:: AC: AE = ac, 


from the laſt Cor. 
Cor. Hence equiangular triangles are ſimilar to 
each other. 
Seelen. 
119. The uſe of this propoſition is ſo great, that 
there is hardly any end, or limit to its conſe- 
uences; for not only all the general properties of 
Amilar 5 figures in geometry are dependent upon 


it, but ſeveral branches of the mathematics, as tri- 
gonometry and navigation, &c. and alſo mecha- 


nics, which contains the principles of the lever, &c. 
Upon the whole, if any part of ſpace is to be 


compared with another, to know their proportions . 


to Each other; if they can be connected with each 
other, ſo as to have ſome parts known, and to form 


two ſimilar triangles, then by this propoſition the 


unknown parts become known. This is the prin- 
ciple of the ſector, though it derives its name 
from the two ſimilar triangles formed between its 
legs (ſee defin. 25.) and its conſtruction in (207, 
&c.) Any figure which form fimilar triangles, 
the properties of the lines, which contain the equal 
angles, are known to. be ſuch as the foregoing, 
with-many others that may be obſerved by the 
reader; and from thoſe known properties others 
are derived, ſuch as the following. 

120. A perpendicular CD, (fig. 62.) let fall from 
the right angle C, upon the hy pothenuſe AB of a 
right angle triangle ABC, will be a mean pro- 
portional between the two ſegments AD, BD, 
of the hypothenuſe; and each of the ſides con- 
taining the right angle. will be a mean propor- 
tional between its adjacent ſegment, and the 
whole hy pothenuſe; for ſince the angle BDC is 
equal to BCA, and B common, the triangles 


SCD, BCA, are equiangular; after the ſame 
; manner, 


— * ” = - Mc 9c as 1 — — 
— $A uw —_ A - . > 493 IS 
4 2 * ——— - - a — 4 4 — — «Wn — - 
. Roo abi 7 A N 0 _ an — 36. — " 
—— — — = a 2 < I e : r 4 - 37 <4 4 8 ; I 
- 2 . D. < _ _— y— 45 ea LOS” 0 _- - CTR —— 2 | * 8 * = 
.. 3 RA.” WY & ID - 1 ——_ —— 5 p * 2 . 1 p 2 = 2 * - — 8 Re 
- T 6 . 1 8 St x A 2 2 — l * r 4 == a = — = 
2 ad Pp —_— — b ——_ 0 he . - = b _ ._— 2 of bs 
- : \ = -< = \ l n "= We. = — x £ = - = 
= : = 


wy * 0 ® "ka, _ 
= — r _—_— 
> xe Tc 
— 1 —— * 


. SG 


0 


N - = \ 
7 - 
_ mn "IT A, Oo 8 I „ 
4 


angular. 


233 OF GEOMETRY; 
manner, ADC and ABC appear to be equi- 


Therefore by 118. 
BD: CD: : CD: AD, 
AB: BC: : BC : BD. 
AB: A:: D:... 

Cor. Becauſe the angle in a femicircle is a right 
angle, it follows, that if from any point C in the 
periphery of a ſemi-circle ACB, a perpendicular 
CD be let fall upon the diameter AB, and from 
the ſame point C, to the extremities of that 


diameter, two chords CA, 'CB; be drawn, the 
ſquare of that perpendicular will be equal to a 


rectangle, under the two ſegments of the diame- 
ter, and the ſquare of each chord equal to a rect- 
angle, under the whole diameter and its adja- 


cent ſegment ; for, becauſe of the above propor- 


tions, we have the ſquare of CD equal to BD by 
AD, and the ſquare of BC equal to. AB by BD; 
and laſtly, the ſquare of AC equal to AB by AD. 
| APPLICATION of. the Foregoing. 5 
121. Now I ſhall obſerve the uſe of the propo- 


fition in ſeveral inſtruments of uſe in our buſineſs. 


Let (fig. 63.) ABC be a ſector of a circle, then 


2 is plain, that ADE will be a ſimilar one to 


ABC; for the chord lines, BC and DE, will be 
Parallel, then the triangles ABC and ADE will 


be ſimilar; and from this propoſition, it will be as 


AB: BC: : AD: DE; here if three lines be known, 
the other will be known too, but the three firſt in 
watch-work are known; for the leg Ag; is a line 


of equal parts, and ſo is AD part of the ſame, 
and BC is the diameter of the wheel; fo that DE 


the diameter or ſize of the pinion is known. 
Hence we may ſee, that having a ſector — 
. . | 5 A 


WIr irs AppticaTION. | 239 


uſe of watch or clock-makers, with equal legs, or 
in form of a ſector of a circle, is mere fancy, and 
of no uſe ; for as the whole uſe or principle of a 
fector is in having two fimilar triangles, ' it mat- 
ters not how they are unconnected, ſo they are han- 
dy in uſing ; various might be the forms that 
ſectors may be made of; they may be made in 
the forms of. the ſeveral figures i in 117, 118, and 
120. 

In the geometrical problems, ſhall lay down the 
beſt form of a 88 as their conſtruction appears 
to me. 

122. The next uſe of this valuable propoſition | 
that I ſhall obſerve, is in fuzee engines, their con- 
ſtruction is in having two ſimilar motions, viz. 
if the motion of the cutter was carried along the 
ſcrew of the fuzee, it would be one motion; and 
if it be moved farther off, either bigger or leſs, 
will be the other, and fimilar to the former. 
Thus in a Lancaſhire fuzee engine, invented by 
Tippin, if it may be called an invention, the line 
BC is the velocity of the ſcrew (fig. 64.) and the 
line EF is that of the cutter; for as the point G 
is moved up or down from D towards A, the ve- 

| locity is varied, and the line EF will be parallel to 
BC, conſequently from this propoſition, as the 
triangles ABC, and AEF, are ſimilar, and the 
fides about the equal angles are proportional, 

therefore, as AB: BC: ::AE : EF; but AB and 
BC are ſuppoſed lines of equal parts, therefore 
the velocity in EF will be ſimilar to BC; hence, 
as it will be ſimilar, whatever errors there be in 
BC, there will be the ſame in EE, or the reverſe; 
whatever the error is in EF, there will be the ſame 
in BC; conſequently an engine on this conſtruc- 
tion mutt be uſeleſs, if it is deſigned to cut the 
threads _ at top and bottom. 


/ 


But 
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But though an engine on this plan may not be 
of uſe for watch- makers to cut fuzees, yet it is 
uſeful and curibus for other matters required in 
mechanics; thus ſince AD, when it is perpendicu- 
lar to BC, has a direct motion, and immediately 
as it approaches to B or C, its motion to the ſame 
points becomes ſlow, conſequently a ſcrew formed 


from ſuch a motion will diminiſh without end, 


from a velocity given; therefore if a ſcrew was 
made conical. and of the length from the greateſt 


to the leaſt velocity, then it would be of great 


uſe for various purpoſes, but chiefly for mathema- 

tical inſtrument- makers, &c. &c. | 
123. Now let us ſee how an engine may be 

formed from two triangles, which ſhall correct 


each others errors; let ABC (fig. 65.) be one, and 


DEC the other triangle, the line DE may repre- 
ſent the velocity of the ſcrew, and AB that of the 


cutter; from the property of lines cutting each 


other, the angle DCE is equal to ACB; and from 
the property of parallels, the angle D is equal to 
B, and E to A, ſo the triangles are ſimilar; and 
we ſhall have, as BC: AB:: CD: DE; or alter- 
nately, as BC: CD: : AB: DE ; but C is ſup- 
poſed the centre of motion between the ſcrew 
and cutter; and as the equal parts in BC is to 
thoſe in CD, ſo is the velocity in AB to that in 
DE, which will be ſimilar to each other; but the 
triangles ABC and CDE are inverted ; conſe- 
quently their forming from an inſtrument will be 
the reverſe of each other ; that is, when the line 
ACE is in the poſition BCD, its motion will be 
direct, and as the ſaid line advances towards the 
point E, its direct motion will be {low ; but as the 
triangles are inverted, as much as the point E be- 
comes ſlow, ſo much will the point: A become 


faſt, or their motions will be reciprocal of each 
other, 


Fo 


deſcri 
12. 
might 


to lea) 


great] 
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other, wk conſequently will correct each other's 
errors. | 
This was a molt. nt contrivance, 1 
ever may have been the firſt that thought of it; 
but] muſt confeſs, the firſt time I ſaw it, was 1n 
an engine; made by the inventive and ingenious 
Mr. Arnold: | 
124. Though there is great ſimplicity in the 
at contrivance, yet Lcannot help admiring one 
more ſimple ſtill, and which has not the occaſion 
of the triangles being reciprocal of each other, to 
correct each other's errors; I mean, one made by 
that great mechanic Mr. Smith. It has this pro- 
perty ſuperior to all others, that your cutter may 
de moved with any velocity, and at the ſame time 
the velocity be uniform. Its conſtruction is as fol- 
bus; Where AB (fig. 66.) is the axis of the fu- 
dee as before, and CD is the parallel piece to car- 
j the cutter, which is fixed in the ſpace CD; to 
dways move parallel to it, and to vary its velo- 
city, there is a radius piece BE fixed at the point 
B, which goes croſs the piece CDG at F. Upon 
the out end of the axis AB at B, is a vertical wheel 
or pinion, and alſo one upon BF, which works. in 1 
the other at B; ſo by the turning of the axis AB, 
motion is giyen to the piece CDE; and as the part 
DG has always the ſame inclination to BF, the mo- 
ton of CD will be the ſame at every part of its 
notion. Again, as BF, approaches to CD, the 
relocity is increaſed, and the reverſe, alſo its ve- 1 
bcity, or the fineneſs of the threads. will be known | 
If diviſions were put upon the arc Hd of the circle 
&ſcribed by BF. 485 | 
125. What I have delivered on fuzee « engines 
might ſeem ſufficient, but it would be improper 
to leave any thing on an inſtrument that is of ſuch 
great uſe; therefore I 1 give my TO have 
ar 
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With ſcrews; if the ſcrew is good, your engine 
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far we may be able to make one ſuperior to the 
former, All fuzee engines are in general .made 


may be ſo; but if otherwiſe, the engine may be 
bad. Hence then, we ſnould make them on the 
fame principle, and, if poſſible, without the ers 
rors the ſcrew is liable to. I ſuppoſe every ons 
concerned in theſe matters know, that all - ſcrews 
are inclined plains, and if they were ſtrictly ſo, all 
I have to ſay would be in vain ; but it is poſſible 
for the threads to have a greater inclination at one 
part of the round than at another, conſequentiy a 
fuzee, cut from ſuch a ſcrew, will have ſimilar er 
rors in it which the ſcrew has: therefore to ma 
an engine without this inconvenience, we may ſups 
poſe the thread of the ſcrew unlapped, or taken ol 
the arbor; when fo done, it will form à triangſe 
ſach as the triangle ABC (fig. 67.) where the ſe 
VvVeral prickt lines will repreſent the diſtance of the 
threads, and the line AB will be the inclination off 
the plain, or the fineneſs of the threads in yo 
ſcrew; now from hence we may form an engilik 
without 4 ſcrew ; for if a piece, like the triangle 
ABC, be made the mover of the cutter, the line 
AB will be the velocity in proportion to the length 
BC; and if at C you have a joint, ſo that A0 
may open or ſhut to increaſe or decreaſe the link 
AB, ſo much is your velocity increaſed or decreaſed 
An engine on this plan will appear in the fotm 
(Hg. 68.) where AB may be the axis of the fut 
and EF the parallel piece for the cutter; 0 
there be put upon the axis AB, a 'pinion wil 
ſhall move the piece CDH, by the teeth from 
to D, then, as you turn your hand, the piece CD 
will move, and by its moving, will give mou 
to the cutter on EF, by the inclination of Co 
to DH, The inconvenience of this: engine 
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© is making the piece CDH move uniformly, and 
pot by ſtarts, as is the caſe of tooth and pinion. 
Ebut how far it may be brought to perfection I can- 
ot pretend to ſay, as it has not been attempted by 
Emany. It was to me a contrivance of my own, 
though when done, I have heard of the ſame being 
= atempfed by one or two beſides ; and in particu- 
Bla by Mr. Merling, artiſt to Mr. Cox. Though I 
erer ſaw the contrivance by that gentleman, 1 
Edo not doubt but it is adequate to his mechanical 


ai 


r 
cee no great difference between this and Mr. 
Frith's contrivance aforegoing, though upon dif- 
ent principles; for Mr, Smith's is fixing the ve- 
Peity at firſt, and ſo is this; after which both 
ore uniformly. In the former, the objection 
be made in the ſcrew, and in the latter, in 
te moving of the inclined plain; their principles 
0 1 ſame in theory, and practice muſt prove 
W126. Before I aw Mr. Smith's engine, I in- 
ed one on his principle, with the circles hori- 
al; but one. of them becomes a right line, 
che velocity varied, by putting on a wheel o 
L grcatcr or leſſer diameter. Its conſtruction is as 
ess; where the line ab (fig. 69.) is the ſcrew 
we engine, and the wheel A is moved by it, 
ck, by working, in the teeth of the piece B, will 
rec the ſame with the velocity of the wheel A 
be piece B the cutter muſt be fixed, and the 
* B muſt be fixed parallel to ab. I need not 
We particular in the deſcription of this conſtrue- 
as enough has been ſaid on thoſe aforegoing. 
5. Theſe are the whole of the firſt principal 
Whns that can be well laid down for fuzee en- 
Wes to be diſtin& from each other; and indeed 
Ich of them can 8 be kept clear of each 
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other's principles, but that one may be reaſoned in- 
to that of another; for inverting the triangles of 


the Lancaſhire engine, it becomes. Mr. Arnold's, 
and they both become Mr. Smith's, by placing the 


ſides of the triangles parallel to each other. 
128. Mr. Merling's is upon the principle of pa- 
rallel right lines, and a triangle; and Mr. Smith's 
partly, and mine are upon the ſame principle, and a 
circle. As the poſitions and interſections of each are 


ſo various, conſequently for each variation may a 


new plan be formed, cough upon the ſame prin- 


ciple; ſuch as from the different poſitions of the 


triangle, and circles. Mr. Smith's circles are 


both vertical, mine are horizontal. Number- 


leſs forms may be formed from each. poſition of 


the circles; for in the vertical poſition they may be 


fixed to form an angle, or a right line, or both; 
and alſo with the ſcrew upon the axis of the fuzee, 
or upon that of the cutter; and in the horizontal 


form they may be made with one, two, three, &c. 
number of circles, and each form varied by the 


poſitions of the ſcrew, &c. . 

. Again, if the different principles be connected 
together, they form other plans, compounded o 
the principles of both; as if we make one with a 
vertical circle, and two horizontals, or one of them 
a right line, we may have an engine without : 
ſcrew or inclined plain. The velocity of this 


would be varied by only varying the vertical or ho 


rizontal circle; and if they be thick, and work at 
half right angles, all inconveniencies may be re 
moved. Hs os 
From this variety it ſhould ſeem hard to chuke 
the beſt; but we have a univerſal rule in this mat 
ter, which is to chuſe thoſe the leaſt compounded ! 
their principle and execution, 


And as thoſe with circles are much choſe, I er 
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adviſe the vertical ſort, with the circles out of the 
frame upon each axis. If the two wheels are 20 
each for 72 turns, then, if they be varied, to cut 
any higher or lower number in the ſame ſpace, the 
wheels of one axis may be varied in proportion; 
ſuch as 40 : 20 will cut the greateſt limits,- and 
39 : 20 the next; 38: 20 the next, to the laſt, 
and ſo on for any other; or a ſet of 35: 20 may 
do nearer, as the 15 1s equal to .75, which will 
make a regular decreaſe, ET | 

129. The next uſe of the doctrine of ſimilar 
triangles is in treating on the lever, from whence 
we open into a field, that it is impoſſible to find 
either end or fide of, Not only moſt of the other 
mechanic powers are formed from it, but all bodies 
that are moved, are moſtly moved one way or 
other by its aſſiſtance; and its uſe in clock 
and watch-work muſt be evident, for the whole 
matter is no leſs than making an equal balance, or 
equipoiſe, between a power and body to be moved; 
or that the body may be moved with this or that 
velocity, as required by the piece. 

But to treat on its principles purely mathemati- 


cal, and purſue it, would be to write a whole 


treatiſe, which would be much too far for 
moſt of my readers to proceed; therefore I will 
begin in the moſt ſimple manner, and reduce it to 
a few firſt principles. The moſt difficult expreſ- 
ſions to be underſtood by the unlearned, is the word 
momentum, which is a general expreſſion for any 
quantity of motion, or the moving of a body over 
a given ſpace, in a given tine. : 

Thus, if a load was to be moved by three horſes 
over a given ſpace in one hour, then, when it is 
moved, the whole quantity of motion is, that the 


load was moved in one hour over the given ſpace, 


Now, ſuppoſe that the ſame load was moved 


= over 
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OF UEOMETRY, 
over the ſame ſpace by one horſe in three hours, then 
the Whole quantity of motion in this caſe is, that the 
load was moved in three hours by one horſe; theſe 
three quantities of motion taken together, are 
equal to the other in one hour, and alſo would be 
the ſame in the ſenſe of expence, if the horſes 
were of equal keep. | 
Again, if two potters take each a load, one of 
30 Ib. and carries it five miles, and another 150 lb. 
and carries it one mile, then the quantity of mo- 
tion of each will be equal, viz. he that carried 
the 30 Ib. five miles, will have done as much as 
the other which cartied 150 Ib. one mile, and the 
. 80 | | 
130. Hence we ſee, that when the time is the 


ſame, that the quantity of motion in different bo- 


dies is as the matter and ſpace moved over con- 
Joiptly ; and for the words quantity of motion, 


for ' abbreviation ſake, the word momentum is 


uſed, and for ſeveral momentums taken together, 
the word momenta, Which is an elegant lati- 
niſm for nouns plural of the neuter gender, from 
whence the word momentutn is borrowed. _ 
Faving premiſed thus far, I proceed to the im- 
mediate properties of the lever, and its uſe. 
141. The momenta of bodies being conſidered 
from their quantities of matter moving over gi- 
ven ſpaces in the ſame time, thoſe are equal which 
have their ſpaces reciprocal of their matter; as if 
the ſpaces were g and 10, then the matters muſt 


be inverſely as thoſe numbers, or as 30 and 20; and” 


in all detached bodies, if the matters be reciprocal 
of the ſpaces, then the momentum of each body 
will be equal to that of the other. Hence then 
we have a method of comparing them; for if we 
- Know the met Hod to prove them equal, we _ 
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how to prove them unequal, for the unequal pro- 
perties can never be the ſame of the equal ones. 
And by this rule may the momenta of bodies 
be compared, howſoever detached from each other 
WER... „ 

132. From this compariſon of detached bodies, 
we come at that of thoſe which are connected with 
each other; for in detached bodies, the matter 


- which is to be inverſe of the ſpaces, is inverſe of 


two different ſpaces which have their extremities 
unconnected, or which may be taken any where: 
thus the body B (fig. 50.) 1s inverſe of the line a, 
when compared with the body A and the line bz 
for the lines are ſuppoſed as 5 : 1, and the bodies 


28 1:53 hence, from what goes before, their mo- 


menta will be equal; now let the lines be joined 
in a point as C, (fig. 71.) then they will become 
one line, and if it be ſuppoſed to move round C 
as a centre, then it will move into the poſition 
DCE; and from the doctrine of ſimilar triangles, 


ve ſhall have, as AC: BC :: AD: BE, but AC 


1s five times BC, and in conſequence, AD will be 
five times BE ; but the lines AD and BE are de- 
tached from each other, and by what goes before 
in (13 1.) if bodies inverſe of them be moved over 
theſe ſpaces in the ſame time, then their momenta 
will be equal. Alſo the line AD was deſcribed in 
the ſame time by the point A, as BE was by the 
point B; hence then, if bodies move round a cen- 
tre, and contain quantities of matter inverſe of 
their diſtance from the ſame, then their momenta 
will be equal. ; Co Be 

133, Now we haye, as it were, inadvertently 


arrived at the principles of the lever; for the line 
AB may repreſent any inflexible rod, beam, bar of 
iron, &c. whatever, and C may be its centre or 
fulcrum round which it moves. It is common for 
fr 7 4 mecha- 


ien ire 5 | 
= mechanic writers to lay down ſeveral ſorts of le- 
=_ vers, but no one need trouble 'themſelves about 
that matter, unleſs it be to ſhew their memory, for 
the ſeveral levers take their names from one of the 
bodies being called a power, and the power being 
2 on this or on that fide of the fulcrum, from the 
| body to be moved. As any body may be ſuperior 
= to ſome, other, conſequently any body may be 
called the power, for that is always called the 
power, which is to be the ſuperior or moving force. 
But in clock and watch- work, we don't deſign a 
{| ſuperior. force, but to keep a juſt equilibrium, 
that neither. may be thought ſo; for if we did, 
then we ſhould have a motion too faſt or too ſlow, 
All our endeavours end here, and he that comes the 
- neareſt an equipoiſe with the feweſt materials, is 
the beſt mechanic in this branch. To apply this 
uſe of the lever to our buſineſs, we ſhall find that 
ſort of which I have treated to be the principal; 
for every wheel and its pinion forms it, the ba- 
lance and verge alſo; but the pendulum and pal- 
lets form that when the power is between the ful- 
crum and body to be moved. Thus the force 
that is applied on the centre pinion of a clock or 
watch, is the force on the ſhorter end of the lever; 
and its diſtance from the centre with the wheel on 
which it is rivetted, are the given quantities to 
find the other force, or that on the circumference 
of the wheel. Again, the force laſt found is what 
is applied to the next pinion, and by the ſame pro- 
Ceſs, you come at the force on the next following, 
and ſoon to the end of your moving train. 
134. As in (fig. 72.) if the power in common 
applied be given at C, and if the wheel be 4 times 
aas big as the pinion, then the power will be re- 
dauced to one fourth at the point B of what it was 
at d, and ſo of all others; for from the . 
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aforegoing, if the force on the pinion be expreſ- 
ſed by 4, and the wheel be 4 times as big, then it 
will be as 4 diameters : 1 :: 4 to the power on 
the wheel, which is . | Tire 
135. This force, on the circumference of the 
centre wheel, is that which drives the next, or 


third wheel; and the ſemi-diameter of the third 


pinion, is the ſhort end of the lever for the next 
reducing of the power, and the ſemi-diameter of 
the wheel is the longeſt, Now, as before, we 
have three given quantities to find a fourth, or the 
reduced force on the circumference of the third 
wheel; and when the force is found there, it will 
be that on the fourth pinion; and by proceeding 
as before, you have the given force on the fourth 


wheel, which is applied to the fifth, &c. ſo that as 


many wheels as there are in your piece, ſo many 
different operations you muſt have for to find your 


laſt reduced force; but if the pinion, when found 


in parts of the wheel with which it acts, be an ali- 
quot part, then there needs no more than a multi- 
plication or diviſion of the power, to find it at 
every operation; that is, if your train divides, 
then you muſt multiply, and if your train multi- 
plies, you muſt divide; as in the preſent caſe, 
you muſt divide where the train multiplies. As 


the example is choſe of a common watch, where 


the centre pinion is about one fourth of its wheel, 
the power will be reduced to one fourth upon the 
third pinion; and the third pinion being one ſe- 
venth of its wheel, the power will be reduced to 


one ſeventh of the laſt power on the fourth pini- 


on; and the fourth pinion being near the ſame part 
of its wheel, the power will be reduced to one ſe- 
venth of the laſt power on the fifth pinion; and 
this being near one third of its wheel, the power 


or 
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or balance wheel, which is the force applied to the 
verge, in order to throw the balance; now when 
we have collected all the reductions together, we 
ſhall find them to be + of 2 of + of 2; which by 
fractions is r part of what it was upon the cen- 
tre pinion, which we will ſuppoſe a ſmall matter 
leſs than that upon the main wheel, becauſe the 
chain acts within the circumference of it. 

136. So here we ſee, that if we can find the 
exact meaſure of each pinion in the wheel with 
which it acts, it is eaſy to find the quantity of 
force upon each, or upon the laſt in the train; 
and to obtain which, it is beſt to find the whole 
diameter in the whole to prevent fractions, though 
the two ſemi-diameters are only wanted. Alſo, 
that if the diameters were found exact, then the 
continual multiplication of all the fractional ex- 
preſſions will give us the laſt power, or a general 
expreſſion for both the firſt and laſt, whether the 
train be a multiplier or divider, 
As above, the ſeveral expreſſions when multi- 
plied gave us r for an expreſſion of the power; 
that is, if a power of 588 parts be applied at the 
beginning of: a multiplying train of the ſeveral 
parts which: it contained, then, in the laſt part, 
the power will be 1, or the reverſe in a dividing 
one, if the firſt power be 1, the laſt will be 588; 
but the difficulty is in coming at a general expreſ- 
| Gon for the reduction of the power and the reverſe. 
137. The method which I have jaid down 1 
think the moſt fimple,, and at the ſame time the 
moſt demonſtrative to introduce one more general; 
to continue which, from the firſt to the laſt, the 
centre pinion is one fourth of the main wheel; 
therefore as the pinion is multiplied, the force on 
it will be one fourth of that on the circumference 
of the main wheel, fo the other force will be four 


tunes 
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times leſs, or ; hence may be obſerved from 
this proceſs in the ſeveral fractional expreſſions, 
that the numerators of the fractions contained the 
diameters of the pinions, and the denominators 
thoſe of the wheels; therefore the product of the 
wheels is to that of the pinions, directly as the 
firſt power to the laſt; but the wheels are the an- 
tecedents of the ſeveral ratio's, as the pinions ate 
the conſequents, from the principles of propor- 
tion, &c. in calculation. Therefore we are come 
to the ſame concluſion we arrived at in (55.) viz. 
after a train is formed into ratio's for a general ex- 
preſſion, multiply all the ratio's together, which 
zives the number of revolutions of the laſt wheel 
in one of the firſt; and if the firſt and laſt wheel 
be of the ſame diameter, then the revolutions of 
the laſt in one of the firſt is the general expreſſi- 
on of the power; and in conſequence, if the firſt 
and laſt wheels be of different diameters, the pow- 
er will be varied in like proportion; therefore the 
| firſt power is to the laſt, inverſe of the number of 
revolutions of the laſt in one of the firſt, com- 
pounded of the inverſe ratio of their diameters, 
138. I have choſe this method of demonſtrat- 
ing the above concluſion, but it h have been 
come at ſooner and more conciſe, though not ſe 
demonſtrative, at leaft to a learner ; thus, every 
wheel to its pinion is a geometric ratio, but the 
ratio of the firſt to the laſt, is compounded of all 
the intermediate ratio's, and every geometric ra- 
tio is, from the principles of ſimilar triangles, a 
lever; therefore the compound ratio of the firſt 
wheel to the laſt, may becalled a compound lever, 
which will be inverſe of the firſt power to the laſt, 
If the diameters of the firſt and laſt wheel be dif- 
ferent, then the power will be changed by their 
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ratio, therefore again we come to the general rule 

laid down in (55. and in (137. 
139. In coming at the general expreſſion in 

(135:) I did not meaſure the pinions exact to the 

diameters of the wheels, which cauſed the conclu- 

fion not to be quite juſt ; but that mattered not, 

as I intended to thew the proceſs from firſt princi- 
ples only... 

No I will be down examples to the laſt con- 
cluſion, or general rule, the firſt of which ſhall 
be that-of a.common watch, which I did by a dif- 
ferent method before. The ſeveral ratio's, from 
the firſt wee to. the laſt, from (57 and 58.) are 
4:15 9: 1, 81, and8:1; and the diameters 
are as 2 : 1 3 {ho (222.) as the conſequents are 
all 1, we need only multiply the antecedents 4, 9, 
8, 8, and divide by 25 which when done is 1152: 1, 
or fraction ways — 

140. The proportion or expreſſion of the firſt, 
and laſt. powers for an 8 day piece, is (from 49.) 
x2 333 K, 75 5 1, which, when multiplied, gives 
720: 1, or as a fraction 229 this divided by the 
ratio of the barrel and ſwing wheel, which is as 
5 6 nearly, gives vv for the expreſſion of the 
powers. 

141. That of a year's piece is, from (54: $45 bs 
8: by 6 £3; $2 I, 9 . which put in the form 
f d fracti K T* N N 
0 a compoun ra ion, 1 K 8 X— 6 * * 8 * 5 


is ae when divided by the ratio of the dia- 
meters, it will be varied as the laſt. After the 
fame manner, may an expreſſion be raiſed for the 
two powers of any train whatever. 
142. I have all along called the concluſions, 
| expreſſions, which indeed is the very word for 
them; all numbers being expreſſions of quantity, 
ſo theſe found are thoſe of compound levers, to 


conyey 


; 
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convey a given force by; now the forces muſt be 
applied to theſe expreſſions, in order to find them 
at each end of the lever; but before that can be 
delivered clearly, ſomething muſt be ſaid on the 
allowance for friction, &c. and which is come at 
by experience and obſervation only. The moſt ge- 
neral rules of friction are delivered by Mr. Emers 
ſon, from whom I ſhall borrow moſt I have to ſay 


upon that matter. After having concluded his 
theory, he ſays, the propoſitions hitherto” laid 


down; ſuppoſe all bodies perfectly ſmooth, that 
they fide over one another without any friction, 
and move freely without any reſiſtance ;''but: fince 
there is no ſuch thing as perfect ſmoothneſs in bo- 
dies, therefore in rubbing againſt one another, 
they meet with more or leſs friction, according to 
their roughneſs; and in moving in any medium, 


will be reſiſted according to the denſity of the me- 


dium, even ropes going over pullies cannot be 
bended without ſome force. Among machines, 
ſome have a great deal more friction 1 others, 
and ſome very little. | dog eien 
143. Thus a pendulum has little or no friction 
but what ariſes from the reſiſtance of the air, but 
a carriage has a great deal of friction; for upon 


plain ground, a loaded cart requires the ſtrength 


of ſeveral horſes to draw it along, and all, or 
moſt of this force, is owing to its friction. All 
compound machines have a great deal of friction, 


and ſo much the more, as they conſiſt of more parts 


that rub againſt one another, and there is great 
variety in ſeveral ſorts of bodies, as to the quan- 
tity of friction they have, and even in the ſame 
bodies under different circumſtances ;' upon which 


account it will be impoſſible to give any ſtanding 


rules, by which its quantity can be determined. 
Al we can doi is to lay down ſuch e rules, 
aas 


* 
1 17 
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as have been dedyced from experiments made up- 
on particular bodies; which rules will require 
ſome variation under different circumſtances, ac- 
328 to the Judgment and nente of the 


144. Wood, and all metals when oiled or greaſ⸗ 
ed, have nearly the ſame friction, and the ſmoother 


they are, the leſs friction they have; yet metals 


may be ſo far poliſhed, as to Increaſe friction by 
the coheſion of their parts 
Wood ſlides eaſier upon the ground i in wet wea- 
ther than in dry, and-eafier than iron in dry wea- 
ther; hut iron ſlides eaſier than wood in wet wea- 
waer z lead makes a great deal of reſiſtance, iron 
or ſteel running in braſs, makes the leaft friction 
of any 3 in wood acting againſt wood, greaſe 
the motion twice as eaſy, or rather two 
thirds eaſier; wheel naves greaſed or tarred go 4 


times eaſier than when wet. 


145. Metals oiled, make the Sie les chan 
when poliſhed, and twice as little as When un- 
poliſned. 

In general, the ſoker or rougher the bodies, the 
greater is their friction. 

146. As to particular caſes, a cubic piece of 


ſoft wood of eight pound weight, moving upon a 


ſmootn yu of ſoft wood, at the rate of three 
feet per ſecond, its friction is about one third the 

weight of it; bur if it be rough, the friction is 
little jeſs than half the weight. | 

Upon the fame ſuppoſition, other ſafe. wood 
upon foft wood very ſmooth, the friction is about 
one fourth the weight; ſoft wood upon hard, or 


hard upon ſoft one fifth, or one ſixth the weight.; ; 


hard wood upon hard . one ſeventh, or one 
eighth the weight. 


— ſteel — on ficel or pemter, one 
fourth 
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fourth the weight, moving on copper or lead, one 
fifth the weight, on braſs one ſixth the weight; 
metals of the ſame ſort have more friction than 
different ſorts; the friction increaſes with the 
veight almoſt in the ſame proportion; the friction 
is alſo greater with a greater velocity, but not in 
proportion to it, except in very few. caſes; a 
greater ſurface alſo cauſes ſomething more friction, 
, with the ſame weight and velocity; yet friction 
may be increaſed by having too little ſurface. to 
move on, as upon clay, &c. where the body ſinks; 
147. As to the mechanic powers, the ſingle le- 
ver makes no reſiſtance by friction, but if by the 
motion of the lever in lifting, the- fulcrum, or 
place of ' ſupport, be changed farther from the 
weight, the power will be decreaſed thereby. 
148. In any wheel of a machine running upon 
an axis, the friction on the axis is as the weight 
upon it, the diameter of the axis and the angu- 
lar velocity; this ſort of friction is but ſmall. _ 
149. In the ſcrew there is a great deal of fricti- 
on, thoſe with ſharp threads have more friction 
than thoſe with ſquare threads, and endleſs ſcrews 
have more than either; ſcrews with a ſquare thread, 
raiſe a weight with more eaſe than. thoſe with a 
ſharp thread, In the common ſcrew, the friction 
is ſo great, that it will ſuſtain the weight in any 
given poſition when the power is taken off, and 
therefore the friction is at leaſt equal to the power; 
from whence it will follow, that in the ſcrew the 
power mult be to the weight or reſiſtance, at leaft 
as twice the perpendicular height of a thread, to 
the circumference deſcribed by one reyolution af 
the power; if it be able to raiſe. the weight, or 
only ſuſtain it, this friction of the ſcrew is of great 
uſe, as it ſerves to keep the weight in any given 
polition, 00 [i 
130. To 


. 50. To find chi friction of any Ws 55 | begin 


at the power, and conſider the velocity and the 
weight at the firſt rubbing” part, and eſtimate its 


quantity of friction by ſome of the foregoing rules, 


then proceed to the next rubbing part, and do the 
fame for it, and fo on through the whole. 


And note, ſomething more is to be allowed for 


Increaſe of friction, by every new een to the 
power. 

Cor. eds will depo the difficulty, or rather 
impoſſibility of a perpetual motion, or ſuch a mo- 
tion as is to continue the ſame for ever, or at leaſt 
as long as the were will laſt that compoſe the 
| moving machine. of 

For ſuch a motion as this ought coßtinually to 
return undiminiſhed, notwithſtanding any reſiſt- 
ance it meets with, which is impoſſible; for al- 
though any body once put into motion, and mov- 
ing freely without any reſiſtance, or any external 
retarding force acting upon it, would for ever re- 
tain that motion; yet, in fact, we are certain, that 


no body or machine can move at all without ſome 


degree of friction and reſiſtance; and therefore it 
muſt follow, that from the reſiſtance of the medi- 
um, and the friction of the parts of the machine 
upon one another, its motion will gradually de- 
cay, till at laſt all the motion is e and the 
machine is at reſt. N 
Nor can this be otherwiſe, except ſome new ac- 
tive force equal to all its reſiſtance adds a new mo- 
tion to it, but that cannot be from the body or ma- 
chine itſelf, for then the body would move itſelf, 
or be the cauſe of its own motion, which is abſurd. 
So that we ſee from what this great man has 
faid upon the matter, that the quantity of fric. 
tion muſt be found from experience; it is, a 


may well be wondered at, that from ſo great a 
| | number, 
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jumber of men employed in our buſineſs, that 
we never have had any regular obſervations on 
fiction. What I have * able to obſerve from 
experience is but little; yet before I ſaw any au- 
thor upon the ſubject, [ Was ſurprized is find che 
ſmall quantity of ff l iction in ſeveral bodies, and in 
particular, IL. found by the experiment in (184.) 
that a pendulum; with a ball of 110 02. troy, is 


reliſted with the force of only .128 parts of a 
grain; by, reducing the 110 oz. into grains, it 
ul be 52800 ; and this divided by. 128 gives 

412500, which ſhews, that tlie friction and reſiſt- 


I 
ace of pendulums is about 712.700 Part of their 
weight. This was ſo far from my expectation of 
the matter, that I was in doubt whether I had not 

made ſome miſtake, which cauſed me to try it by 

ufferent experiments, and always found it come 

tut nearly as above. „ 7 

| made the experiment ih troy weight, on pur- 
poſe to be exact; but that every one might have 
a idea in avoirdupoiſe; I have added the obſer= 
ations in (18.) between the two weights. 

Though they be of uſe to compare the two 
fights together, yet it matters not in coming at 
general rule which is uſed, troy weight being 
peculiar to our buſineſs, I ſhould rather chuſe it 
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o be uſed upon all occaſions; 2 
152, The farther obſervations J have been able 
v make on ſeveral other parts are as follow; the | 
fiction of clock- barrels are from r to Y of theif _ = 
fight z of the ſecond wheels from n to g their b 
weight, and thoſe above about , or e their 
weight; the weight of the main wheel to the | i 
Entre wheel is near 100: 1, and their axes are | 
bout 2: x, conſequently their weight is not in | i 
Proportion to their axes. Hence the increaſe of "a 


4 


3 1 
©, a 


c ·˙ 
, Friction Is Hor i in proportion to the quantity of mat: 
ter in circular motions, but in the increaſe of the 
ais and velocity very near. 

From hence we may > alſo, that wheel, 
may be made larger to the fame diametered pevots 
without any Mera of friction; and as no loſs of 
power can be had, while they keep i in the ſame ra 
Aer thetefore wheels may be made larger with 


"Tf ſecuted theſe exp sent down to the ver 
; This pevots poible to be made, and find thad 
die en er the pevots, the leſs variation is to be 
obſerved in their friction, though of differen 
weights; ; fo that in general, if the weight be in 
= 1 eresled in proportion to their axes or pevots, the 
1 we need conſider the friction in no other light, tha 
= "a3 eompounded of the rubbing parts and velocity 
1533 1 have found, that due friction of by 
lances upon finiſhed verges, is from 2.5 tO 354 

_ of their weight, 'w with different pevots; but upo 

the ſame ſize, with different weights, about 270 
 which'ts'our common ſige and form. From hene 
is proved *what Mr. Emerſon has aſſerted, befor 

| quoted. that the ſingle lever has no friction; ; fo 
a ſmall pevor well Toaded, is the fame of the fn 
gle lever upon a fulcrum. 
From this illuſtration, &c. may be conchided 
how much is to be allowed for the friction of an 
train of wheels; as T have proved the friction is 
as that of their rubbing parts, and their velocity 

but their velocity is expreſſed by their ſeveral rt 

tio's, and the ratio's 2 the expreſſions of thei 
weights, therefore their friction is as the expreſſiol 

ef their weights, and the friction of the rubbing pat 

From the rules aforegding, braſs upon Reel 

| + the weight, which may be called its abſoh 
1 friction; z for we ſhall find, that for errors, &c. " 


ſha 


/ 
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þal be obliged to allow 4, 3, and ſometimes 2 
is vogue ringer: 7 TID: 
153. In (184.) 1 found .128 parts of a grain 
ficient to maintain a pendulum of 110 ounces 
joy, in motion at 36 inches from the point of 
penſion ; from the properties of the lever, and 
ur method of applying rhe force to ir, we ſhall find 
tonthe ſwing wheel, equal to. 128 X 36, or 4.608, 
The expreſſion for an eight day piece is 28 (140.) 
nd conſequently the force to be appended on the 
ure will be 4,608 K Goo, which is 2564.8 grains, 
byhick we mult add the friction; let it be that 
of < the weight, or 2764.8, which is 691.2, then 
te fingle weight is 27 94:6 + 691.2 = 3456, 
bis muſt be doubled for the continuance of the 
ne, and it will be 6972; "thetefore the whole 
eight is 6972 grains, reduced is 14 0z. 8 dt. 
lich is about one tenth of the common weight. 
Though I have made large allowances for erfror, 
. for what reaſon ſo much weight is in common 
ut to clocks I cannot imagine, unleſs it be wrong 
Wreyed from one end to another, which T will 
d Toad 2 06s 
The force” in common applied to eight day 
ek is about 10 Ib. avoirdupoiſe to the watch 
ut; the force before found is 14 0z. 8 dwt. 
ſuch, from (18.) is about 15.78 ayoirdupoiſe 
laces, and multiplied by 10, gives near the 
lic weight that is applied, and conſequently 
* 10, or 40 grains, will be the ſame at the top of 
We wheel in proportion; I have faid about 10, for 
ne clocks have only 8 1b. while others have 12; 
Erefore 10 is the mean of the force in common 
lied to keep the pendulum going. 
From this calculation, Both up and down, we 
J ſe the vaſt difference between them ; ſo that 


5 th 
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ſomewhere there muſt be ſomeching wrong, and 
take it to be in the pallets and crutch, | 
134. I have demonſtrated in (94.) that pallets 
the leaſt reſiſtance are when their centres coincide 
with that of the ſwing wheel; I will now conſide 
the matter over again. I there proved it from thi 
reſolution of two forces, one direct, and the othe 
not; it muſt be conſidered here from the reſolu 
tion of three, viz. the direct and oblique, and th, 
preſſure upon the centre, which is another force 
or that upon the ſwing wheel EY cauſed fron 
the obliquity of the force applied to the pallets, 
Let the line CD (fig. 73.) be the arm of th 
pallets, and the line AB the radius of the ſwing 
wheel; and let them act at the point B, fron 
(94.) all the direct force is perpendicular upoi 
where it acts, or the line BE will be the dired 
force of the wheel upon CD the pallet, and th 
pallet CD will act in the ſame line; but BE is th 
diagonal of a parallelogram, one of whoſe fide 
is AE, and the other equal to AB. From B pe 
pendicular to AB,, let BF be drawn, and ABw 
be the diagonal of another, whoſe ſides are El 
and BF; therefore the preſſure of CD upon t 
centre A, will be in the line AB; alſo the line 
BE, and AB, will be in proportion to the fam 
forces. This being premiſed, let the pallet an 
wheel be ſuppoſed ro move round their centres 
till they come to the poſition of the leaſt forc 
poſſible upon the wheel, and the greateſt poſſibl 
upon the pallet. It is plain, that as the point! 
moves towards E, the line BE will recede from AH 
till AB, and CD, become one line, when BE wil 
he perpendicular to both of them; therefore iron 
the properties of parallels, the line BE will the! 
be infinite, and in conſequence the line AB wilt 
nothing; but AB is the preſſure upon the pevo 
> 2 
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i refiſtance upon the wheel, and is in the centre, 
o coincides with AB, a diameter of the wheel; 
therefore the pallets of the leaſt reſiſtance, are 


_ then their centre is in a diameter of the ſwing 
alice! bel, and point of action is in the ſame. 


Here we have. come to the ſame concluſion we 
arived at in (94.) though by a different proceſs. 

155. At the end of the former demonſtration, 
lad down a pair of pallets of the leaſt reſiſtance, 
which naturally offered for the dead beat; here we 
ariye at thoſe of the recoiling principle. If two 
wheels of twice, &c. times the diameter of the 
ſwing wheel, be fixed at each end of the wheels 
diameter, with each a pallet to play alternately in 
te wing wheel, thoſe will be of the leaſt reſiſt- 
ance that have the longeſt pallets. It is eaſy for 
ay workman to - contrive the other part of the 
conſtruction to each ſort of pallets, From this 
demonſtration we may very clearly arrive at the loſt 
force from the reſiſtance of the pallets ; for it ap- 
pears, that the reſiſtance is as the line AB, which 
z the radius of the ſwing wheel; for from (97.) 
the force; BE, to move the pallet CD, is compound- 
ed of AE and EG; but EG is equal to AB, there- 
fore AE, and AB, are equal to the direct force 
E; but CD re-a&ts in BE, and therefore the 
quantity of direct reſiſtance in the pallets is as 
AB, and the oblique as AE. TEENS: 
156, Now we are to examine into the reſiſtance 
of the pallets above ſpoken of, from the nature of 
«tion and re- action; and the ſwing wheel work- 
ng upon theſe pallets, there is no more preſſure 
than the rubbing parts, and the circular friction 
(for the two levers are in a right line, and the per- 
pendiculars to the ſurfaces are at right angles to 
liem, therefore cannot form an oblique force up- 
on the axis of the ſwing wheel) the former of 
* 938 * 41 which 
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| which only needs be conhidered. It is known, tha 
every tooth of the {wing wheel acts only upon hat 
the ſpace from its front to the next, therefore th 
Whole circumference may be computed as having 
| 25 e 1 l lo in it, one third of which i 1s 20 
| will be 103 or the radius of th 

—__ 205 which is equal | to AB in the forego 


ing; — 12 20118 
v bene havs 5 geom frical proþd#tick of thi 
nees ; for =D with t the. direct force, with the 


.- _ allowances, , will, be zone ſpace, and th 
other will be ten times 7 chat. Now we may fafe 
| conclude the cauſe, of. 525 great difference in th 
= two weights; fo or as, one pace of the wing whee 
is to 19, ſo is 4, &c. to 40, 195 force in commot 
applied. Or the, Ice Tolt by our common pa 
lets, wt ether of the recoil oy lead bear, is abou 
ten times of what it ought to be, if they wer 
made * juſt princi —g 9 
17, 1 have m. + 4 above. calcilatibns 1 with 
out any Bete. jeſig & 0 Whatever, and on i 
oth 92 Brin Pe „than rhe f . might come it i 
truth of the aft, F, Powe er, whic] 11 think ': 
prep evi. 5 e the caculallonb dn ert 
DRE: th be, wing he agree 10 .neafly, whe 
the d eduction is A or, error, Sc, From th 
"2 pendulum ! found it abou ut 965 from dür“ commo 
: PVaeights that are hung it bout 4 405 And whet 
LES it is divided by 10, gives t 8 ab other motion. near] 
| new: it. ene to he. 8 85 allow. 115 Rat not mad 


#44 t 


= — at leaſt one tenth we 1785 e 


5 anz . which proves, that I have allowed to 
1 h for. the fr 8 9 e in (1 $1, &c. 
Indeed, when tried thole xperimehts about fon 


= al 


- 
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pars ſince, I remember that TI yielded to the fide 
of the force in remainders, and long decimal 
parts ; 1 ſaid above I ſuſpècted the crytch, to here 
vill examine into it. e 
158. It is well known, that in pendulums, the 
farther from the centre the ſame power will have 

a greater effect over them, which is natural from 
the properties of the lever; and alſo, that the 
boger the crutch 1s, the nearer it comes up to this 
property; therefore it ſhould ſeem, that a longer 


crutch will have a greater effect upon a pendulum 
than à ſhort one. Bur on the reverſe, the longer 
the crutch is {from the ſame properties) ſo much 
more burthen it will be to the movement. If one 
increaſed the ſame as the other decreaſed, it mat- 
ters not of what length the crutch was; as it is 
cherwiſe, there mult be ſome rule far its length. 
Firſt, to conſider it from its length only, and 
#8 not containing any matter in it. From what I 
bave proved in (153.) the general force in com- 
mon, at the to of the ſwing wheel, is about 4, to 
be applied to the pendulum, which we are to ſup- 
paſe an £quipoile to the weight appended upon the 
harrel, Now if the crutch be increaſed in length, 
it will decreaſe the power gf the movement in the 
lame proportion. and in canſequence, if congnued 
downwards, will be ſuperior to the motiye force of 
the movement, unleſs it be imagined (as it is by 
ſme) that the pendulum, which the crutch is to 
move, ſhall give motion to the crutch, which is 
abſurd; therefore the length of a crutch ought to 
be calculated in proportion to the power of the 
wheels, that it may not be ſuperior to them, with- 
out the pendulum, which it is deſigned to move. 
To conſider it now from its quantity of matter, 
independant of the length, we ſhall find it ſtill a 
more nice point; for dor the rules 1 have laid 
* 


__ down 
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down for all praftical workmen to calculate the 
weight of levers by, in the examples to (37.) and 
in (ex. 9, to gg.) every particle contains a dif. 
ferent weight, and that reciprocal of its diſtance 
from the centre; therefore the movement will have 
this weight to overcome, as well as that of its 
length; therefore the reſiſtances of crutches is 
compounded of their lengths and quantities of 
matter. conjointly; it may be alledged, that the 
matter being raiſed ſo very little, it makes no dif- 
ference in their reſiſtance to the movement. 

But let it be what weight it may, like all other 
parts of matter, it muſt obſerve the fame law 
when in the ſame circumſtances; conſequently 
crutches ſhould be as ſhort as poſſible, and appli- 
ed to pendulums where their chords are equal; to 
do which it will be found, that the pendulum 
muſt be ſuſpended much higher than the centre of 
the verge, fome about 1o inches, and others 
more; but as this is not the right way of convey- : 
ing the force, I will ſay no more on its principles. 

159. A fimilar queſtion to the former, and 
which properly belongs to this place, is of the 
fize of a balance wheel. Some ſay a ſmall one, 
and others a large one, have the leaſt reſiſtance, or 

is the better for a watch. e 

It is a matter of ſurprize to me, that this ſhould 


-2a%. 
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wheel there is more matter, and in conſequence 
it is heavier, and cauſes more friction; but from 
(152, &c.) this matter is of no moment to be 
E © Huh ers <2 ety nth, PE TOTS 2x 
The only exception is the. angular velocity, 
which to be ſure is worth conſideration z but from 
(153 and 163.) it is of no great weight, in any 
wheel we are able to get into any form hitherto 
laid down for time-keepers ; therefore I ſee no 
cauſe why wheels ſhould not be made as large as 
the ſpace will admit of ; and if endeavoured at in 
thoſe of the beginning of the train, then the in- 
creaſe in the velocity part is reduce. 
I I know theſe errors above hinted at, won't be 
eaſily removed, eſpecially with the unthinking; 
but if it cannot be reliſhed, let trial ſatisfy them. 
With regard to the firſt, '1 was drove into it by 
main force; for having a year clock to mend, 
which had outwitted the maker, and all others 
that had been attendants upon it. The diſeaſe was, 
that it ſtopped when no fault could be found or 
deviſed by all the trade, under whoſe inſpection 
it had been; yet the weight appended was above 
one hundred weight at leaſt. After all trials 
failed, I determined to try without the pendulum; 
the reſult was, that it went, but with difficulty. 
The piece having a very long crutch, I cut it off 
to about four inches, and then tried, which ſuc- 
ceeded ; after which I took the crutch ſtill ſhorter, 
and effected a perfect cure. 24 
At that time, I had been of a different opi- 
nion about the matter, and therefore it was rather 
with reluctance 1 came into it. I hope the fore- 
going demonſtration, &c. will ſatisfy thoſe gen- 
tlemen who have been pleaſed to determine other- 
' wiſe upon this matter, and give the length of the 
Erutch to be the beſt, the nearer it comes to the 
| > centre 


* 


centre of oſcillation, or that it has more power 


4 
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there. The matter is hardly worth much alterca- 
tion, I muſt confeſs 3 but if they have any better 
proof, demonſtration, or experiment, to inform 
me of my miiſtake, I ſhall be proud of their infor- 
mation; but if other wiſe, I beg they would aſſiſt 
me with any farther obſervations that may occur, 
in order thatthe miſtake if poſſible may be remedied. 
160. The force which a common watch pulls 


from the fuzee, is about 350 penny weights troy ; 


indeed many do not pull ſo much, but that is ow- 


ing to their inaccuracy, which never muſt be ad- 
mitted; and many pull much more, and that in 


proportion to their accuracy and ſine. Mr, El- 
ticorr's:-pull moſt of any I ever ſaw, conſidering 


that they are but of middling fizes ; ſome of them 


pull near 462 penny weights, and others about 500, 
which ſhews they loſe nothing in their firſt principle. 

Tue method to find how much a watch pulls 
is as follows z when the fuzee is adjuſted with the 
rod and ball, mark the rod where the ball is, and 
weigh both; then/you muſt meaſure how many 
ſemi-diameters of the bottom of the fuzee are in 
the rod, from the centre to where the ball is; in 
the fuaees adjuſtment, then by the properties of 
the lever, calculate the rod and ball ſeparately; 
but it is no eaſy matter to perform this wich preci- 
ſion, for this problem requires a curious ſolution 
in fluxions, yet we may do them near enough to 
our purpoſe. (ſee 37, &c. and 39, &c.) Thus, for 
e: e, let the rod be 12 ſemi-diameters, and 
the diſtance of the ball at 6 alſo 3 let the ball 
weigh g penny weights. From the properties of the 


lever, its weight on the fuzee will be 543 and let 


the rod weigh 144 grains, which will be 12 grains 


d? each ſemi-· diameter. Again, from the proper- 
ties of the lever, the. firſt ſemi- diameter will be 


12 
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12 grains, and the ſecond will be 12 & 2, the 
third 12 & 3, &c. to the laſt; which will be 
12 K 12, or 144, ſo that the weight of the ſeveral 
ſemii-diarmeters form an arithmetical progreſſion; 
the Hrſt term of which is 12, and the laſt 144; and 


their ſum is, by (37.) 12 + 144 X 6 = 936 
Aihs, which is 49 dwt. to which, if we add the 
bat It, the whole weight is 93 penny weights, 
Hence we may ſee: that the rod is near the wei 
of the ball upon the watch, tho! it weighed but 
144 grains when off the ſame. 
1681. But ſüppôſe the weight had been calchlat- 
ed for quartets of ſemi-diametets, or that the fu- 
zee was only one fourth öf thie laſt, then it would 
have cotie out mare; for each one fourth will 
contain 3 rains, and lle number of the terms in 
arithmetical progreſſton will be 48, whoſe ſuln are 
found as before pb Ht, viz. the laſt term Is 48 Nc 3, 
Or 1443 the ſum of i and laſt 154 K 147, 
which multiplied by 3 5 che number of terms, 
gives 3528 grains, of +45 pennyweighiesz to Which, 
1 ft we add the ball (the ng * which we ſup- 
poſe the fame) the While Weight 3 261-3! 
Rods, for the trial Gf ce power, Hould be 
Thott Ahd thick, and if they be bereuen with the 
number of diwifions Sguüal to their apparent eight 
in grains, them we ſhall come near enough or if 
"the rod Be fall, then it may be Ne Vieh 
parts 6f à gramm in proportion. 
162. The fod I dſe is 32 Ketni-Giatetbrä, And our 
beſt common ſprings pull 177 dwt. at 20 upon it; 
the rod's S apparent weight is 62 dwt. or 1:56 grains, 
its real weight upon the fuzee is 2373, Or about 108 
benny wei hts; the balPs feal weight is 330, and 
their ſum will be 458 dwͤit. Now if this force be 
applied to the expreſſion for watches, as we have 
done before for clocks, we ſfiall find the laſt force, 
or that to be applied to the! balance. Prom (139.) 


the 
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the expreſſion is z; if 438 be brought to 
grains, it will be 10992, let one fourth be taken 
off for friction. &c. the reſt will be 8244, which, 
divided by 1152, gives 7. 189, or 5 grains very 
near, which is the Hire applied to the verge to 
move the balance. 5 

163. To determine the laws of friction, I made 
ſeveral experiments upon circular bodies in motion, 
and as I hinted in (153.) I have found the reſiſt- 
ance of balances nearly as there laid down by theſe 


methods. 


The weights of balances are from 3 to q, or 
10 grains in common watches with different dia- 
meters, the mean is from 6 to 8 grains; the dia- 
meters of balances are to be eſtimated by the 
breadth of the pallet, which is as the diameter of 


the balance wheel; which laſt is as the diameter 


of the main wheel, therefore the diameter of the 


balance is as the diameter of the main wheel. 


Thus in(222.) I have determined the balance 


Wheel to be half of the main wheel, when the ra- 
10 of the ſpring is as 2: 1; upon which plan, I 


have made all my calculations-thro? this Treatiſe. 
Ass the wheel is ſuppoſed to have 15 teeth in it, 
and the pallet only requires half of one of them 
at each * therefore there muſt be 30 breadths 


of the pallet. in the circumference of the wheel; 


one third of which will be 10, or there is 10 


breadths of the pallet in half of the main wheel. 
No ſuppoſe a balance of 8 grains, and to con- 
tain 30 times the breadth of the pallet in its dia- 
meter, half of which will be 15; from (37 and 
132.) it is plain, that the weight upon the end of 


a lever one fifteenth part of the ſame; to equi- 
Poiſe the ſeveral weights at each diviſion, will be 
found as thoſe in (37, &c.) but here we muſt di- 


vide half the weight of the balance 4 by 15, to 


give us the apparent weight at each diviſion, not 
| | cConſidered 


conſidered as a lever, which is . 2666, &c. parts 
of a grain for the firſt term of the progreſſion 
the laſt will be 4, the ſum of both, and multi- 
plied by 15, and divided by 2, gives 32 grains, 


upon the edge of the pallet equal ro the weight 
upon half the balance; and as there muſt be the 


ſame upon the other, the whole weight upon the 
pevots of a verge, at the diſtance of the breadth 
of the pallets, is 64 grains. By weights which I 
have applied upon ſuch balances to move them, 
is as near as can be determined, about half a grain; 
this I applied to ſeveral balances upon the ſame 
verge, and upon the edge of the pallet, and in 
general, found that their friction was as laid down 
in (153.) In this experiment the half grain mov- 
ed the balance about one third of a circle; hence 
its friction for that ſpace was 22 part of its 
weight, as there are 128 half grains in the whole. 

I tried balances of larger diameters with the 


fame weight to 35 and 40 ſpaces, and found, that 


the ſame weight moved them through the ſame 
ſpace, but in ſome longer time; I proſecuted the 
trials to an extreme, when they crept only, but ſtill 
they came to the fame poſt. pg, 
Hence it may be fafely concluded, that the in- 
creaſe of diameter is an increaſe of velocity, and 
not of the weight in circular bodies in motion; 
and alſo, that where motions of wheels are ſlow, we 


may increaſe the diameter to almoſt what we pleaſe, 


eſpecially in our pieces where the ſpace given li- 
mits us within what is required. Some run counter 
to this opinion, ſo far as to complain of the fric- 
tion of dial wheels, and even of a large hour 
wheel, and the weight of an hour hand; it may 
well be ſaid, when will miracles ceaſe ! 


164. From the foregoing proofs and experi- 


ments we may conclude, that the ſizes of ba» 
= TER lances 
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lances are to be eonſidered from their velocity and 
ſpace moved thro, and not from their weight; 
hence. comes, the [reaſon that weight, taken from 
a ſmall : balance, has ſo much greater effect than 
from a large one; for as the ſmall one is loaded 
hy weight, to make up its want of ſpage when 
the weight is taken aff, then the velocity is in- 
creaſed more than in proportion to the weight 
taken off. | 55 

From the friction above laid down, and the 
weight applied to the axis of halances, we may 
come at the ſize of any balance. 

About half a grain, as I faid, will move a ba- 
lance of the common ſize one third raynd, and in 
conſequence three halves will movs it quite round; 
alſo three holes will move the ſame twice round, 
or one of twice the diameter once round, and alſo 
one of four times the diameter 2 half round; 
but half round is equal to the whole ſpace de ſcri- 
bed in one vibration; therefere a force of three 
grains will move a balance containing eight times 
the breadth of the pallet half round; or the ſpace 
af one ſtroke, as 1 have proved it in (gs and 96.) 

This ſpace deſcribed may be called the abſolute 
ſpace or ſize, deſcribed by the given force upon 
the axis, and muſt be uſed in finding any other 
abſolute ſiae for a different motive force. Thys, 
ſuppoſe the motive force was 2, what is its abſolute 
ſize? Say, as 3: 8 :: 2: 67; and if the force 
was 4-25, ſay, as 3: 8: : 4.2: 11.33, &c. and 
ſo of any other force whatever. . 

But if the breadth of pallets be different, as 
well. as the power, then you muſt find the ſize for 
the different breadth, and then for the power. 


- » Thus let the pallet be ,g of the ſtandard, and its 


given force 7 What is its abſolute ſize ? Say, as 1:3 


1928333. &c. for the power of the Coane 
3 . wil 
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With a pallet of .g. Now ſay, as 3.433, .&c. : 8 
27: 16:8, the abſolute ſize, Let the pallet be 
Half the ſtandard, and force twice the ſame, or 6, 
what is the abſolute ſize in this caſe? Say, as 
1:3: : : 6, for the force to the pallet to pro- 
_ duce the abſolue ſize; now ſay, as 6: 8: : 6: 8. 
As the pallet was half, and force double, the 
ſize in conſequence muſt be the ſame without 
working. | 155 
A3 Is the balance wheel is determined from the 
height of the pillars, and pallets from the ſize of 
the wheel, conſequently the pallet is determined 
from the height of the pillars; and as the hori- 
'Zontal wheel is alſo known in proportion to the 
ſame height, and the outer diameter in proportion 
to the wheel (ſce 97.) conſequently the pallets or 
cylinder may be determined from the height of the 
pillars, and then the laſt force or ſize of the ba- 
lance may be determined, to eompleat your plan at 
once. Cylinder wheels are to the main wheels 
about as 3, or 3: 4; therefore the pallet's breadth 
may be found in the cylinder wheel, that it may be 
compared with the cylinder. Thus in (97. ) the 
outer diameter is contained ſix times in the com- 
mon wheel. Hence ſay, as 3: 4 :: 6: 8, in the 
main wheel, which is equal to 20 pallet breadths, 
or one cylinder is = 2.5 pallets, and half the cy- 
linder or radius is = 1.25 parts of one pallet, or 
1 of the pallet is = to the radius of the cylin- 
der, which is the length to find the abſolute ſize 
as above. See more in the examples in (170.) 
16. As the power of the balance is ſuperior 
to the motive force, ſo is the motive force leſs liable 
to affect it by its irregularities ; therefore the more 
ſuperior the balance is, the more regular we muſt 
have time divided. Hence it is uſual to make the 
balance juperior about two thirds; but as the mo- 
g bf hd ; $ 1 b , * PEE | tive 


is 


4 
* 


\ 


tive force and the balance ſhould be equal, to keeꝝ 


F1 each other upon. an equal ſtruggle to overcome, 
= therefore, from the principles of power gained 
= from acceleration; the ſuperiority of a common 
= balance ſhould be above two thirds of the motive 


Force of the whees. 5 
It is plain, that all bodies which are put in mo- 
tion, and admit of an accelerated velocity, that the 
quantity of velocity is in proportion to the number 
of impulſes, or the quantity of force impreſſed 
upon the body; and particularly circular bodies, 
or bodies moving upon an axis, &c. Thus a grind- 
ing ſtone by the firſt power of the hand it moves 
ſome certain ſpace, and by the next it moves 
the ſame ſpace, but in leſs time, and by the 
next power in leſs time ftill ; but the motion of 
bodies over a given ſpace, being performed n a 
greater or leſs time, cauſeth a greater or leſs ve- 
locity. This is when the ſeveral impulſes are ap- 
plied at equal ſucceſſions of time; hence, as the 
velocity is as the ſum of the impulſes, and theſe 
are as the time, conſequently the velocity is as the 
e . 1 . 
And on the reverſe, if the velocity be equal to 
the ſum of the impulſes or time, then the im- 
pulſes or time muſt be equal to the acquired ve- 
_ docity, Wo CT TT NT 
Therefore in balances, the acquired velocity 
muſt be as the number of beats in acquiring it, 
and alſo as the time of the beats. This properly is 
their momenta, conſidered from the time and force 
in producing their velocity. Hence, for a given 
quantity of velocity, if the force be too little, the 
time muſt be too much, and the reverſe. But 
in watches, the times of balances, and alſo their 
ſpaces to be moved through are given; therefore 
if the motive. force be too little for the velocity, 
the time muſt be too much; and conſequently, i 
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the fize of the balance (which produces the velo- 
city) be not proportionate to the force, then the 
time will be out of proportion to the train of the 
piece. All balances that are actuated by ſprings, 
if they be moved round their axes, and the ſpring 
geld faſt at the out end, then the balance will vi- 
brate round its axis, in proportion to the ſpace 
the ſpring is coiled through; and it will con- 
inue its vibrations in proportion to the ſpace, and 
the ſuperiority of the balance above the motiye 
force of the train. 5 i 5 

But as the momentum of balances muſt be equal 
t the ſum of the impulſes, in producing the ve- 
bcity, therefore the power of the ſpring mult be 
equal to the ſame, ſince it muſt command the ba- 
lance to move in the given time, conſequently 
the power of the ſpring is equal to the power f 
the impulſes z but the number of impulſes are gi- 
ren in watches, therefore the whole ſize of -— 
balance on the power of the ſpring is given too. 

The angle of; verges to balance wheels is half a 
toht angle, therefore the ſpace of the firſt impulſe 
z the ſame, and conſequently each impulſe will be 
half a right angle; and alſo there will be as many 
impulſes as there are half right angles in the ſpace 


of one vibration. But from the principles of 


common verges, there are about four half right 

agles in one vibration, with all its acquired ve- 
beity, conſequently there are four impulſes or 
beats in one perfect vibration; and from above, 
this is equal to the power of the pendulum ſpring, 
or the ſize of the balance; therefore the ſize of 
balances for verges muſt be equal to four times 
tie power of each impulſe of the balance wheel; 
but this is the abſolute ſizes, ſo the ſizes of balances 
for verges are near 4 times the abſolute ſize, which 
b found in (164.) It is plain, that the firſt impulſe 

1 
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of the wheel puts an equal power into the pendu- 
lam ſpring, which, by its recoil, will move the 
balance back to the poſition at firſt z but from the 
laws of vibratory bodies, the power 'put in the 
ſpring by the firſt impulſe, will add a' little more 
to the next vibration, and ſo on to each, till the 
balance is at all it can acquire; therefore it ap- 
pears, that four times the abſolute ſize is too great 
for the power, becauſe the acquired velocity, from 
the agency of the ſpring, will be loſt, when the 
moving parts are retarded from thick oil, &c. &c. 
and therefore as much as is loſt from the agency 
of the ſpring, ſo much will the diameter be too 


great for the moving power. The ſame may be Wl 6 
faid, when the agency diniiniſhes the power, that Wl 
the diameter will be too little. x 
But it is plain, that this power gained by the g 
agency of the ſpring muſt not be above one Will © 
fourth, for then the ſum of the powers of the Wi « 
ſpring would be ſuperior to a ſingle motive force; Wi 6: 
therefore the ſizes of balances may be taken from 
3 to 3+ of the abſolute fize. 7 1 
As the direct force of cylinders does not begin ba. 
till the force of the ſpring is exhauſted, therefore Wl yh 
the acquired power of the ſpring will be greater Wl thi: 
than that of verges, conſequently the power of the na 
wheels will be leſs; but ſtill it comes to the ſame }- 
concluſion, that we may take the ſame number of 13 
times the abſolute ſize, when allowances are made ic, 
for the two different uſes of their ſizes, ſuch as for for 
Po RT Re. 2 onion lis lea 
From this concluſion on the ſize of balances, Bi er 
may be drawn ſeveral uſeful obſervations, as (1. 1 
ſince the whole force to maintain the acquired vi- irt 
bration is one impulſe, and the laſt is 14, there fon 
fore the whole acquired force is T T IA 2 = 44M tai 
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but as the parts of the firſt impulſe are ſuppoſed 
4 therefore the whole of the parts will be 42 x 4, 


u- 

he or 18, Hence the vibrations of a right ſized ba- 
he WW Lance, when moved half round, ſhould be 18, 
he before it ſtands ſtill of itſelf ; but ſome are only q, 
Ire 10, 12, and others again are 30, as I have tried 
he Wi by putting the balance and verge into a pair of 
p- Wl allipers, and holding the ſpring with a pair of 
at lers. This may be very uſeful to finiſhers, for 
m tom hence they may be aſſured of the ſize from 


the weight in common uſed ; alſo from the me- 
thod of trying the balance may be gathered ſeve- 


Cy al uſeful obſervations, ſuch as what ſpace is loſt 

00 n each vibration, and how much of the ſpring is 

be Wl drawn, or coiled up, &c. &c. 1 

at And hence (2.) as both the power at the fuzee, 
ind vibrations of the balance are known, conſe- 

ic Wi quently, from the calculations in finding the ab- 

e flute ſize, may be known whether the ſpring pulls 


equal to the force required, or whether it be too 
lrong, or too weak. 
Hence alſo (3.) if the diameter of the abſolute 
ſize be multiplied by 3, it gives the ſize of the 
balance equal to it; or as above, 8 & 3 is 24, 
which is the diameter of common balances; and 
this being inferior to the force applied, they are 
made in general heavier than they ought, to equal 
their momentum, which, as I have ſhewn from 
(153.) is not right; for the momentum muſt be 
acquired by the ſpace in circular motions, there- 
fore the diameter muſt be above 3 times, as it is 
hear 4; hence the ſize by ſpace is 4 x 8, or 32 
very near. "TOE 
Therefore to determine a balance to any train, 
iſt apply ghe force at the fuzee, to the expreſ- 
hon of the firſt and laſt power, according to your 
tain, and from thence find the laſt force, with 
| W 


ſolute ſize of the balance; which multiply by 3 


the preſent day. Now Mr. Harriſon has declared 


performed in leſs time than the long ones; but if 


leſs, and in the latter that it loſes. 


to prevent their proof. 
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which, and the breadth of the pallet, find the ab. 


for common, and by 3.75 for a more accurate 
time-keeper for the pocket. From a long expe. 
rience and obſervation on this matter, I find the 
real ſize of balances a more nice point than js 
commonly imagined, and which may be the cauſe 
of the great difference of opinions between equal- 
ly great mechanics in this point. 
166. It is a common obſervation on common 
watches, that their ſhorter vibrations are perform. 
ed in leſs time than long ones; this is what is 
aſſerted by almoſt all the trade, from Tompion to 


to the world, that long vibrations are per- 
formed in leſs time than ſhort ones; Mr. Cum. 
ming alſo has given us his opinion as-the fame 
with Mr. Harriſon; and which 1 affirm to be true 
in fome caſes 3 moſt, or all the common watches, 
as J have ſaid above, have their ſhort vibrations 


the balance be increaſed to the ſize that is poſſible 
in a common watch, we ſhall find that the ſhorter 
vibrations are performed in a longer time than the 
long ones are; and alſo, that a watch of the for- 
mer conſtruction, gains as the vibrations grow 
This I firft obſerved from a comparifon of ſe- . 
veral forts, made by different hands, and at lat u 
followed by me; to prove which, I had different Wl th 
forts made and comp here by the ſame hands, With 
that there might be no difference in the execution ll as 


This was before Mr, Harriſon publiſhed to the iſ 6 


world his account upon the matter; and it is with Wil be 


great deference to his ſuperior judgment in Bibs 
it, 1 offer my opinion, Whether there is ot flo 
3 1 25 EO ann 
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u iſochronic ſize in balances. It is my opi- 
gion there is; for if we can find one, in which 
both the long and ſhort arcs are the ſame, in con- 
quence we arrive near the matter; and if not 
quite ſo, ſtill it is better tq be near than not. At 
kaſt, ſo far I date affirm, that if we make balances 
of three times the abſolute diameter, as laid down 
above, the ſhort vibrations will be performed in 
Es time than the long ones; and on the contrary, 
if we make them above four times, the ſhort vi- 
rations will be performed in a longer time than 
The reaſon to me appears to be this, that when 
the diameter is ſuperior to the motive force, the 
whole momentum being compounded of the ſpace 
ad. velocity only, and in conſequence, when. by 
thickneſs of oil, &c. the velocity of the balance 
retarded, then it becomes a burthen, and there- 
fre cannot be brought up to its arc of vibration 
utime; and it muſt follow, that the force will 
be longer in paſſing, than if it did come up to its 
ac, - On the other hand, if the momentum. be 
made up of the velocity and matter, when the arc 
sloft, as it is inferior, and from (153 and 163.) 
the matter being of ſo little reſiſtance, in conſe- 
quence then the force becomes ſuperior, and gains 
upon the ,balance. This could not happen, if 
there was not ſo great a latitude for error, which 
tie forementioned gentleman has prevented as far 
s poſſible, See (95 and 96.) | 3 
167. In making the calculations for the laſt 

force, and its application to the axis, I have not 
been too nice, except in finding the friction of 
halances, though it comes very near to our preſent 
form 4 I only ſuppoſed the friction one fourth, but 
t may be allowed more, as the conſtructor pleaſes; 
1 but 


N pallets, laid down in (94 and 1 5 4. To 


obſerve the method of calculating, as I am cer 


have followed one meafure and form, for a gene 


if we obſerved a bee rule for ſizes, we might 


expreſs the ſize o 
other, and of each ſize too, and compare them 


with the common meaſure for length uſed by the 


legs of a ſector for the meaſure of any thing 


be ſingular to us, as it is at preſent, and therefore 
ſhould, in conformity to good method, be obſerved 
in all meaſures that we want. See (ex. 3 to 18, 
and 208, &c,) - . „ 


the weights of clocks and watches, how much 


ſelf, but what is given it from the force applied; 
and therefore it is a doubtful matter, if we ever 
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but if ſo, then the balance will be leſs; alſo in 
applying it to the verge, I ſuppoſe no loſs of mo 
tion, as the force is applied direct on the pallet 
which is the ſame of the new conſtruction of cloe 


But upon the whole, I would have the learner 0 
tain of the legitimacy of the methods. 
168. Through the whole of this Treatiſe, I 


ral meaſure, that we may expreſs our quantities 
in length. All our watch plans being circular, 
-and every part being determitied geometrically 


every part independant of each 


publick. See (ex. 3 to 18.) TW 
Therefore, for our meaſure, I would adviſe 

the pendulum of 39.2 for our yard, one third of 

which would be a foot, and might be put upon the 


wanted, as that length only will beat ſeconds, it 
would be a univerſal meaſure, and might be found 
if loſt at any time. It is true, the meaſure would 


169. It may be obſerved, from a compariſon of 


more weight is requiſite for the latter than for the 
former, which is owing to their train and laſt 
cauſe, becauſe it has no property of motion in it- 


arrive 
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arrive at that certainty in watches, as we may in 
olocks. | OD a 
ExAMPLES to illuſtrate the fotegoing 
0 52: THEORY. 138 #7 
10. I ſhall lay theſe down as different as poffi- 
ble from any of the foregoing, that the learner 
may have as great a variety as poſſible to practice on. 
e 9? ESP 
What is the force or weight to be applied to a 
clock of three months continuance, admitting the. 
force on the ſwing wheel 12 grains, and the wheel 
to the barrel as 2: 1 ? Alſo, let the friction be one 
half the weight, and the clock to ſhew feconds, &c. 
The ratio from the centre to the ſwing wheel is 
is cortithon, viz. 60 : 1, and if we take the three 
months, as 12 times, an 8 day piece, or for 96 
days, then the ratio for the continuance will be 
144 : 1, conſequently the expreſſion for the powers 
by theſe two ratios will be 144 X 60: 1, or 
8640: 1; but the ratio of the diameter of the 


' firſt and laſt wheel is as 2: 1; therefore the ex- 


preſſion of the. train muſt be divided by 2, which 
gives us 4320 : 1, or fractionwiſe 445. Hence 
the force at the barrel, without friction, will be 
4320 & 12 = 51840, half of this added for fric- 
tion gives 51840 + 25920 = 77760; this brought 
into pounds troy, is 13 : 60z. this doubled for 
the time gives 27 1b. troy. This may be brought 
to avoirdupoiſe from (18.) by ſaying, as 17 : 14 


:: 27: to the weight in avoirdupoiſe, which is 22 


pounds, and 4 pounds over, or the whole is 224,. 
I have ſuppoſed the friction of the above half 


the weight, - which is ſufficient for all the weight of 
the materials, and their rubbing parts; yet it is 


T4 not 
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not above half of what ſome have appended to 
clocks of that train. L 5 


ran .. =_ 
What is the weight of a well made piece to go 
30 hours, ſuppoſing the friction only one gfk f 
the weight, the power from the ſwing wheel to 
the pendulum 4 grains, the ſwing wheel and bar- 
rel of the ſame diameter, and the turns 10, with 
pendulum, &c, as common? As the time is 30, 
and turns 10, then the ratio of continuance 
is 3: 1, and that of the hours and beats is 60: 1; 
ſo the whole is as 180: 1, or e; 180 multiplied 
by 4 gives 720, take one fifth of. 720, add the 
lame, gives 720 + 144 = 864 grains; brought 
to ounces is 1 0z, 16 dwt. for ſingle time; if it 
was required for double, or 60 hours, then the 
weight will be 3 oz. 12 dwt. | 
JT * 
What is the power upon the verge, and the ſize 
of the balance of a watch, with a train of 18, ooo, 
balance wheel 15, and its ſize half of the fuzee 
bottom, turns as common, &c. power 420 dut. 
and friction one fourth ? 55 
As the train is 18, ooo, the ratio of the time is 
600: 1, and that of the continuance is 4: 1, their 
compound ratio is 2400 : 1, and the diameters of 
| the firſt and, laſt levers are as 2: 1, therefore the 
ratio of the power is as 1200 : 1. Let 420 penny- 
weights be brought to grains, we have 10080. 
The friction propoſed is one fourth, therefore di- 
vide 10080 by 4, and take the quotient from the 
fame, we have 10080. — 2520 = 7560, the neat 
weight to be conveyed to the balance, which, di- 
vided by 1290, gives 6.3 grains, the force upon 
the pallet. Now to find the abſolute my lay 
= : | rom 


=, wy 
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from (164.) as 3:8: : 6.3: 16.8, which multi- 
ply by b 75, gives 63 pallet breadths for the fize 
of the lance. 

E A A nes 1 E Iv. 5 . 


Let all the data be the ſame of the laſt queſtion, 
but the balance wheel the fane ſize of the bottom 
of the fuzee, what is the force upon the pong, 
the abſolate ſize, &c. of the = ? OTE 
The train, &c. being the. ſame here, and the 
firſt and laſt diameters bein alſo the ſame, conſe- 
quently the Expreſſion of the powers will be 
2400 : 1, or 5573 and as inthe laſt queſtion the 
neat force will be 5560, which, divided by 2400, 
gives 3.15, the force upon the verge. The ba- 
lance wheel being twice as big as the laſt, conſe- 
quently the diameter will contain twice the num- 
ber of ſpaces; therefore each pallet breadth here. 
will be twice as broad as the other, or a lever of 
twice the length ; therefore the — ſize will 
befound from (164. Jas 1:3::2: 1.5, and a 
1.5: 8 : 3.15: 16.8, the ſame as in the laſt ex- 
ample; and if it be multiplied by 3.75, conſequent- 
: the fize of the balance muſt be the ſame of - 
the laſt; and therefore the ſame motive force pro- 
duces the ſame momentum in the balance in each 
_ Cafe, Hence is clearly proved of what a trifling 
conſideration the ſize of the balance wheel is, and 
that all the difference is in the matter of each, which, 
from (153, &c. on friction) is but trifling, while 
the wheels keep an-equipoiſe ; therefore, if wheels 
be made as large as poſſible, all advantages may 
be gained, and eſpecially if the whole train EEE 
in a +a proportion, | 


. Ex Au LE i. cunt ch 28 
uae all the given parts the ſame as in exam- 


ple 3. except the number of balance wheel teeth, 
which 
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which ſuppoſe 19, what 1s the ſize of the ba- 
lane Fe . | 

As the train is 18,000, and the balance wheel 

19, 18,000 muſt be divided by 19 x 2 = 38, 

which gives 47375 for the ratio of the centre to 

the balance — r the other of continuance 
is as 4: 1, conſequently 47372 X 4 18952 

for the hes of the es by the 44 4b 

the wheels are as 2: 1, ſo the ſame muſt be divi- 

died by 2, which gives 947% + r = 9474. 

Hence the neat force, or 7560, muſt be divided 
by 94715, which gives us 7.978, &c. for the 

force upon the verge. „ 

As the balance wheel is to have 19 teeth, the 
whole circumference will contain 38 breadths of 
the pallet; and the ſtandard contains 30; hence 
ſay, as 30: 1::38 to its pallet, which is . 789 

parts of the ſtandard, Now find the abſolute ſize, 

which is firſt, as 1: 3: : .789 : 3.8, the ſtandard. 

force for the pallet; now ſay, as 3.8:8:: 
7.778 : 16.8 very near, for the abſolute ſize. 
Hence the real ſize of the balance will be found the 

ſame of that in example 3; and from a compari- 

ſon of the two examples, we may obſerve, that 
the ſame trains produce the ſame motive force, &c. 


Ds Ex AMS IL E VI. 

What is the ſize of the balance of a common 
horizontal, admitting the friction one fourth, and 
the power at the fuzee 533 dwts. 88 grains? Its 
train is 16500, which, divided by 26, gives 650, 
the proportion between the horizontal wheel and 
the centre, or the reyolutions in one hour; the 
ratio of the continuance is 4: 1, ſo the expreſſion 
of the train is 2600: 1. If the horizontal wheel 
be as common, it will be about the ſize of the fu- 


— 


. 
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Zee bottom, therefore will not vary the expreſſion 
of the train. Let 400, the neat weight, be brought 
w grains, it is 9600, which gives 3.69, the force 
upon the cylinder wheel to move the balance. 

From the action of the cylinder wheel upon the 
cylinder, it is plain, that the front of the tooth acts 
in an oblique direction, and conſequently may re- 
preſent. the oblique force (which, when reſolved 
into the direct and oblique forces from (93.) gives 
the lines that repreſent both.) From (97.). the 
difference of the inner and outer diameters will 
be the direct force, and the inner curve of the 
tooth will be the oblique, conſequently all the di- 
rect force to move the balance will be as the line 
AB in fig. 34. (97.) If the direct force be to the 
oblique as 1: 3, then the force upon the wheel 
muſt be divided by 4, to give us all the force up- 
on the cylinder, which is .9225. Now to find 
the abſolute ſize from (164.) ſay, as 1:3 :: 1.25 
2.4; again, as 2.4 :8: :.,9225: 3, the abſo- 
lute ſize, which, *multiplied by 3.75, gives 11.25 
imes the diameter of the cylinder for the ſize of 
the balance. As the cylinder is one fourth larger 
in radius than pallets to the ſame ſpace, conſe. 
quently the foregoing in pallets breadth is 11.25 
+ 2.81 = 14.06 = to about half the common 
ſize. If the direct to the oblique force be as 1: 2, 
then the force muſt be divided by 3, which gives 
1.23 ; then the laſt proportion will be as 2.4: 8 
: 1-23: 4. 1. Hence the ſize of the balance will 
be 4.1 X 3.75 = 15.375, and the fize 1n pallet 
breadths will be 15.375 + 3-843 = 19.218. The 
advantage of finding the ſize in pallet breadths is, 
that having it found, or the proportion known, 
When the calliper is in drawing, you may put the 
lame on the plate, and in conſequence the — 
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284 OF GEOMETRY, &c. 
and cylinder maker may be ordered to obſerve the 
fame ſize of the wheel you have made your calcu- 
lation from. After the ſame manner may be 
found the fize for any horizontal whatever. 
In theſe trains and examples I have only ſup. 
poſed the friftion one fourth, without conſidering 
the-weight of the materials ; but if the workman 


ckuſes, the friction of the weight of the materials 


may be added to what is here allowed, which will 
be a ſmall matter more than what is laid down 


for the general friction of trains; and if the 


heels of the train be very heavy, as in the caſe 


of church clocks, then the friction will be in- 


creaſed in the ſame proportion of their weight; 


but ſtill the ſame law holds good that is laid 


- . 


down in (142 and ſequel) and that of the friction 
—_— 


OF 
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1TS DIVISIONS, &. 
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A TransITion to the DocrRINRE of 
2285 „„ ( T 


171. f J NE of the beſt definitions of time. 
8 that I have met with, is ſaid to be ab- 


ſolute, true, and mathematical time; conſidered 
in itſelf, or in its own nature, without relation to 
any external being, flows equally or uniformly, 


and is otherwiſe called duration, to diſtinguiſh it 


from relative, apparent and vulgar time, which 
is a ſenſible external meaſure of duration by mo- 
tion; and this is what aſtronomers, chronologers, 
&c. mean by ord time: ſo that by time we 
are to underſtand & certain part of duration, 
meaſured out to us by the. ſimple and uniform mo- 
tion of ſome body, that always goes on at the 
ſame rate. Such is the motion of the celeſtial 
bodies, but chiefly the ſun and moon, which have 
not only been agreed upon by the common conſent 
of mankind in all ages, to meaſure. time by, but 


ſeemed deſigned for that purpoſe, among their ma- 


nifold uſes, by the wiſe Creator of the univerſe 
himſelf _ 5 230 6 
As duration, or time without end, is an attri- 
bute of the Divine Being, ſo are the ſun and moon 
part of the work of the ſame Being, put in mo- 
tion to meaſure out to us ſome parts of the ſame 
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divine attribute, that by their revolutions, time 
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OF PENDULUMS. 
may be meaſured into years and months; man- 
kind have again divided the months into weeks, 
days, hours, minutes and ſeconds, and alſo into 
parts of ſeconds without end; theſe diviſions have 
deen made from appearances of nature, or as ſome 
object gave them the idea of diviſion. 

172. Now the buſineſs of clock and watch- 
makers is to make time-keepers to agree with the 
diyiſion of time before obſerved ; it matters not 


in what form they be conſtructed, ſo that they an- 


- fwer the purpoſe of keeping true time, according 
to the propoſed diviſions. From the appearances 
of objects to any man's ſenſes, it is obvious, that 
all ſorts of bodies, moving from one place to ano- 
ther, take up ſome time; and as the motions of 
bodies are infinitely varied, conſequently there 
are infinite ways of meaſuring time; for if you 
throw a ſtone into the air, it will take time to come 
to the ground; or if a ſtone be let fall from the 
top of a building, or any other eminence, it will 
take time to come to the ſame, ce. 

Iheſe motions cauſing parts of time, being 
me wn on an index how oft it has happened, form 


what may be properly called a time- piece, or 


time- Keeper. | | _ 

An hour glafs, having a little hole between the 
two cones,” lets the ſand through in one hour, fo 
may be called a time-keeper; or if a ball was 
made to deſcend down an - inclined plain, and at 
the bottom move an index by its weight, and the 
fame ball 'was carried back, and by its deſcent 
would move the ſame index, &c. then a machine 

fo contrived would be a time-keeper. 

Again, if, a man travels along the road with a 
conſtant pace, and knows how long he is in going 
ene mile at that pace, he is (if the road be mea- 
ſured) a time - keeper to himſelf. So of a mY at 
2 5 a ea, 
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ſea, if it be known how many knots an hour, and 


the diſtance run be found, then the time of day 
might be known from the diſtance run ; or the. 


reverſe, if the true time be known in going from 


one place to another, then may the diſtance be 


| known. | 


173. Hence, if a ſhip ſails eaſt or weſt, comes 


the uſe of a time-keeper, in finding the diſtance 


run, or how far eaſt or weſt ſhe is from the laſt 


place ſailed from ; this finding the diſtance eaſt or 
weſt, is called the longitude, or length of the time 
in failing from ſome certain place ; for if you find 
the time you find the diſtance. | 
As I am come to this point, it may be proper 
to add ſomething about the reaſon of it; but as 
this cannot be better done, than as it is delivered 


by Mr. Harriſon, in his little pamphlet againſt 


Maſkelyne, I ſhall tranſcribe it in his own words. 
«© The longitude of any place is its diſtance eaſt 
or weſt from any other given place; and what we 
want, is a method of finding out at fea, how far 
we are got to the eaſt or weſtward of the place we 
failed from. The application of a time-keeper to 
this diſcovery is founded upon the following prin- 
ciples; the earth's ſurface is divided into 360 equal 
parts (by imaginary lines drawn from north to 
ſouth) which are called degrees of longitude, and 
its daily revolution round its own axis is perform- 


ed in 24 hours, conſequently in that period, each 


of thoſe imaginary lines, or degrees, becomes 
ſucceſſively oppoſite to the ſun (which makes 
the noon, or preciſe middle of the day, at each 
of thoſe degrees) and it muſt follow, that from 
the time any one of thoſe lines paſſes the ſun, till 
the next paſſes, muſt be juſt four minutes; for 24 
hours being divided by 360, will give that quan- 
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D OF PEN DUL UMS. 
So that for every degree of longitude we fail 
wellward; it will be hoon with us four minutes 
rhe later, and for every degree eaſtward four mi- 
nutes the ſooner, and fo in proportion for any 
greater or leſſer quantity, Now the exact time of 
the day where we are, can be aſcertained by well 
Known and eaſy obſervations of the ſun, if viſi- 
Ble for a few minutes at any time, from his being 
ten degrees high, till within an hour of noon, or 
from an hour after noon, till he is only ten degrees 
High in the afternoon. If therefore at any time, 
when fuch obſervatiof is made, a time-keeper tells 
us at the ſame moment what o'clock it is at the 
place ve failed from, our longitude is clearly diſ- 
For example, if à watch, or exact time-keeper, 
be ſet to the time of day at Portſmouth; on a ſhip's 
deparrure, ſuppoſe the time be 12 o'clock, after the 
hip had failed for feveral days, find, by obſetva- 
non at Hoon, or when the ſun is come to the me- 
- Fidian, that it is 12 o'clock in the place where 
they are; and fuppoſe not a man on board knew 
whether they had failed eaſt or weſt, but having, 
dy the time-keeper on board, the 12 &clock- of 
their departure; then ſuppoſe that, on the moment 
of the obſervation, the time-keeper ſhewed 104 
of the clock; here the difference of time is 12 
hour, or Jo minutes, which, divided by 4, gives 
224 degrees for the difference of longitude. Now 
whether this be eaſt or weſt, it is plain by the 
-watch; that its meridian is not come, therefore 
u muſt be as much fatther eaſt, as the watch 
thews its meridian, or 12 o'clock is diſtant. 
Suppoſe the watch had been put to 12 at fea, 
and after ſeveral days failing, the time by obſer- 
vation was the ſame with the watch, then the ſhip 
would be in the ſame place, or on the ſame * 
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OF: PENDULUMS: 289 
From hence it is plain how uſeful a good watch 


inuſt be, and it behoves every artiſt in this nation 
to do all in his power to perfect this ſcientifical 


art, as upon it depends the lives of many, nay, 
the moſt valuable part of the ſubjects of the Bri- 
a . of ns, 
174. From what has been obſerved of the va- 
rious forms of motion, and what might be obfer- 
ved if they would appear of any uſe, it ſeems 
probable; that time-keepers may be made as va- 
rious as the genius of man is inventive; but as 
the moſt ſimple law of nature for their principle, 
is that of falling bodies, the firſt conſtructors of 
time - kee pers applied themſelves to that property 
of matter, in order to conſtruct time-keepers the 
beſt poſſible. This was firſt done by Mr. Huy- 
gens of Holland, who, being a profound mathe- 
matician, and having conſidered the properties of 
falling bodies, to their final property the pendu- 
lum, he applied the pendulum as a regulator to a 
combination of wheels, contrived to be an index 
from the pendulum to ſhew it to view, or on a 


dial that might be ſhewn on the ſame; the time 


of the day, correſponding with the time in the 
heavens, or the earth's motion in 24 hours. 
175. Therefore as a pendulum is the firſt and 
moſt imple motion of time - kee ping, it is neceſſa- 
ry that ſomething be faid of its properties; but 


to give formal demonſtrations would require the 


vriting of a mathematical treatiſe, from the firſt 


principles of geometry, As this is done ſuffi- 
ciently by ſeveral, the reader is deſired to take 


things upon truſt, or have recourſe to the know- 
ledge before delivered in geometry, and that uſed _ 


here by our author, to follow. Oo 
The firſt common properties of the pendulum 
ate deriyed from (93.) of this work; for in any 

i N 5 circle 
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290 OF PENDUL UMS. 
circle ABCD (fig. 74.) the diagonal AC is ſuppo 
ſed perpendicular to the plain of the horizon, 
therefore it may repreſent the falling of a body to 
the earth; but from (93, &c.) it will deſcribe M 
BC, or DC, in the ſame time, ſingly, but DC 
is equal to AB, therefore a body will fall through 
a diameter in the ſame time it will move through 
a chord of the ſame circle. As this is unive 
bath with regard to all circles, and alſo to chords 
of the ſame, and conſequently, when the chords i 
are infinitely ſhort, or become the circumference M 
of the circle, wherefore, from the laws of falling 
bodies, and the foregoing, we arrive at theſe uſe 
ful concluſions, viz. if two, pendulums deſcribe 
fimilar arcs, the times of their vibrations are as 
the ſquare roots of their lengths ; or the lengths 
are as the ſquares of the times of vibrations. 
Alſo the lengths of pendulums vibrating in 
ſimilar arcs, are reciprocally proportional to the 
ſquares gf the number of their vibrations in a given 
time. . 5 e Fel | 
From theſe concluſions, we find the lengths of 
different pendulums, by uſing one as a ſtandard, il 
with its time of vibration, ſuch as is done in (39, 
which ſee. _ LE 13 _ 
The principal of what has been wrote upon pen 
dulums, for our uſe at leaſt, has been done by 
Mr. Huygens and Sir I. Newton; but the latter 
has wrote his ſo concife, and at the ſame time al 
that can be expected in a ſyſtem on pendulums 
for clock-work, for which it was (ſeemingly) de, 
ſigned; but as Mr. Cumming has found from ew 
' perience, that in ſome caſes practice does n 
quite agree with the theory our author has left u 
he has, upon that account, imagined that & 
Iaac never deſigned them for the uſe of clock 
makers; therefore, as I am of a an 


” 
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a the matter, I ſhall give ſome account of our 
Ws ee upon pendulums, and Mr. 
ming's o 
Wt the firſt of my writing this Treatiſe, I did 
only an account of the difference between 
author and Mr. Cumming; but being ſolicited 
WS ycralof my friends, I have given the moſt uſe- 
propoſitions, with what obſervations I have been 
% make between them. The firſt part are 
Ipoſicions 48, 49, 50, 51, 52, and 53, upon 
We ptopertics of pendulums, in a non: reſiſting 
— PROPOSITION XLVIII. 
\ . If a wheel ſtands upon the outſide of a globe 
t angles thereto, and revolving about its 
Wn axis, goes forward in a great circle, the 
wth of the curvilinear path, which any point 
n the perimeter of the wheel, hath 
ied, ſince the time that it touched the globe, 
a curvilinear path we may call the cycloid, or 
eo!) will be to double the verſed fine of 
che arc, which, ſince that time, has touched 
Jobe in paſſing over it, as the ſum of the di- 
ssof the globe and wheel, to the ſemidia- 
ot the globe. | | 
c (fig.75.) be the globe, C its centre, BPV 
Wheel inſiſting thereon, Ethe centre of the wheel, 
point of contact. and P the given point in 
WE perimeter of the wheel. Imagine this wheel 
proceed in the great circle ABC, from A thro? 


towards L, and in its progreſs to revolve in 
= manner, that the arcs AB, PB, may be 
cqual, the one to the other; and the given 
PF. in the perimeter of the wheel, may de- 
i the mean time the curvilineal path AP. 
AP be the whole curvilinear path deſcribed, 
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ſervations upon them, _ : 
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-# 


fine of the arc 2 PB, as 2CE to CB (a). 


P q, that is, the ratio of the momentary mutations of t 


PT reſpectively. But ſince VF is perpendicular to CF, a 


the decrement of the line VP, that is, the increment of ti 


a given ratio of CB to 2CE, and therefore the lengths Þ 
Le VP, and AP generated by thoſe increments, are in ti 
ſame ratio. But if BY he radius, VP is the coſine of the.at 


fince the wheel touched the globe in A, and 


et : the 
length of this path AP will be to twice the ver | 


i A wil 
ute 


Propoſition 49 is the ſame of the laſt, but l nde 
the revolving wheel muſt go forwards within H th 
| | ALLELES nes @ | 2 che 
Lin 1s. 


= as on adit a * "Y pa 


6a, For let the right line CE (produced if need be) m 


: | . 6 
the wheel in V, and join CP, BP, EP, VP; produce Offi U | 
and let fall thereon the perpendicular VF. Let PH, V. 

meeting in H, touch the circles in P and V, and let PH jd 
VF in G, and to VP let fall the perpendiculars Gl, Hh 
From the centre C, with any interval, let there be deſerii ch! 
the circle nom, cutting the right line CP in n, the perime n E. 
of the wheel in BP in O, and the curvilinear path at P in.: 
and from the centre V, with the interval Vo, let there R'5'"« 
deſcribed a circle cutting VP, produced in q. | Ur, 

Becauſe the wheel in its progreſs always revolyes about t the © 
point. of contact B, it is manifeſt, that the right line BF ch is 


perpendicular to that curve line at P, which the point P 
the wheel deſcribes, and therefore that the right line VP w 
touch the curve in the point P. Let the radius of the cir 
nom be gradually increaſed or decreaſed,” ſo that at laſt Wi 
becomes equal to the diſtance CP; and by reaſon of the ſin 

litude of theevaneſcent figure Pnomq; and the figurePFGVY 
the ultimate ratio of the evaneſcent lineolæ Pm, Pn, Þ 


.( 


curve AP, the __ line CP, the circular arc BP, and t 
right line VP, will be the ſame as of the lines PV, PF, PC | 


VH to CV, and therefore the angles HVG, VCF equal, al 
the angle VHG (becauſe the angles of the quadrilateral 

ure HVEP, are right in V and P) is equal to the ang 

EP. The triangles VHG, CEP, will be fimilar, and thend 
it will come to paſs, that as EP is to CE, ſo is HG to H 
or HP, and ſo KI to KP; and by compoſition or diviſion, 
CB to CE, ſo is PT to PK, and doubling the conſequent 
as CB to za CE, ſo PI to PV, and ſo is Pq to Pm; thereto 


line BV VP, to the increment of the curve line AP, isi 


ol 
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he great circles of the globe, and by its mo- 
vill deſcribe the inner, as the other deſcribed 
wter cycloid; and in the inner cycloid the 
ſcribed will be to double the verſed fine of 
if the arc, as the difference of the diameters to 

che diameters of the globe; which propoſi- 
is only a different caſe of the former, and 
ypreſented by the lame letters, as is plain from 

55 Hence if there be deſcribed the intre 

id ASL, and the ſame be biſected in 8, the 

of the part PS will be to the length PV 

Wichis the double of the ſine of the angle VBP, 

n EB is radius) as 2CE to CB, and therefore 

igiren ratio. 1 

(or, 2. And the length of the ſemi-perimeter 

be cycloid AS, will be equal to a right line, 

h is to the diameter of the wheel BV, as 2CE. 

(B, (4) | oh \ FR OF 


* - * —_— — * * — 


14 * * 


oy, or BEP, and therefore BV-— VP, is the verſed 
the ſame angle; and therefore in this wheel, whoſe 
ui BV, BV — VP will be double the verſed fine of 
* 25P; therefore AP is to double the verſed fine of the 
Ip, as 2CE to CB. ; PEE | 
F„ͤĩ ù]ũ].! y 5 
[)As will plainly appear from the ſucceeding propoſitions, 
uthor has conſidered the cycloid from its genuine prin- 
, and upon which the motion of pendulums muſt be 
ochronal; but theſe two Props. are of another uſe, 
In coming at the cycloidal tops of the teeth of wheels 
hitnops, as is laid down ia (215.) but there I only confi- 
| the firſt caſe, or the outer one, here we ſee the proceſs 
blame for both, but that the difference of the diameters 
tte lame proportion to CB, when within, as their ſum 
b the ſame quantity when without. | | 
refore, if the diameter of the globe, or greater circle, 
Wed D, and the leſſer one d, and the quantity of the 
ne, as laid down in the propoſition, v, we have this 
kn for the cycloidal curve, viz, as zD;:D+d::v: 
5 9 3 2D 
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PROP. L. 


177. To cauſe a pendulous body to oſcillate in a gi 
Ven cycloid. 


Let there be given ibis the globe QVS(fg.1 
deſcribed with the centre C, the cycloid Qs 
ſected in R, and meeting the ſuperficies of t 

lobe with its extreme points Q and 8, on eithe 
* Let there be drawn CR, biſecting the ar 
Qs in O, and let ĩt be produced to A in Tack for 
that CA may. be to GO, as CO to OR. Abo 
the centre C, with the interval CA, let there b 
deſcribed an exterior globe DAF, and within th 
globe, by a wheel whoſe diameter i is AO, let the 
be deſcribed two ſemi-cycloids-AQ, AS, touchin 
the interior globe in Q and 8, and meeting t 
exterior globe i in A. From that point A, wi 


thread APT i in length, equal to the line AR, a t 
the body T depend, and oſcillate in ſuch a m- ; 
ner between the two ſemi-cycloids AQ, AS, i * 
as often as the pendulum parts from the perpeſi c 
dicular AR, the upper part of the AP may 4 
applicd to that ſemi-cycloid APS, towards whi a 
the motion tends, and fold itſelf round that cu — 
line, as if it was ſome ſolid obſtacle; the rema_} 05 
ing part of the ſame thread PT, which has diy 
yet touched the ſemi-cycloid, continuing ſtraig 4 
by « 

— — — — — — thre 

| ME 5 | | the 

2Dv + 2dv = : DV + —= EA = = the curve of the top of e of, 
oinin the centres of the wheel and the le 

gn. From ws line oi ng theo of the fame. This cu Ten 
when found, will give us the increaſe of the diameter dee 
the cyeloidal addenda, as I have concluded in (215. trot art 
proceſs by the above theorem, and that whether th the pi el 


is to work without or within che wheel, 
* 
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then will the weight T oſcillate in the given cy- 
cloid QRS (c) | 3 
From this demonſtration it appears, that the ball 
of the pendulum, or body T, will always move in 
the curve QRS. I own with Mr. Cumming, that at 
the latter part of the demonſtration it is called the 


int T; but I beg he would conſider, when our 
author calls it the point T, that he is then proving 


that the point T will always keep in the curve, 
without the body being connected with it, and con- 


ſequently if the body T be ſuppoſed crouded in 


one point, it will be in the curve too, which is 


the property of the centre of oſcillation; and in 


the ſame opinion T find Mr. Emerſon, for in his 
ſcholium upon pendulums, he ſays, in theſe pro- 
poſitions the vibrating body is ſuppoſed to be very 
1 LEY ES LO 1 4 . —W 7 EH 3 3 


(ee) For let the thread PT meet the cycloid QRSin T, and 


the circle QOS in V ; and let CV be drawn, and to the rec- 
tilinear part of the thread PT, from the extreme points P 
and T, let there be erected the perpendiculars BP, TW, 
meeting the right line CV in B and W. It is evident from 
the conſtruction and generation of the ſimilar figures AS, SR, 
that thoſe perpendiculars PB, T'W, cut off from CV the 
lengths VB, VW, equal to the diameters of the wheels AO, 
OR; therefore 'TP is to VB (which is double the fine of the 
angle VBP, when ZBV is radius) as BW to BV,. or AO + 
OR to AO, that is (fince CA, CO, CO, and CR, and by 


diviſon, AO and OR are proportional) as CA + CO to 


CA, or if BV be biſected in E, as 20H to CB; therefore, 
by Cor. 1. Prop. 49, the length of the rectilinear part of the 
thread PT is always equal to the arc of the cycloid PT; and 
the whole thread APT is always equal to half of the cycloid 
APT, that is (by Cor. 2. Prop. 49.) to the length AR. And 
therefore contrariwiſe, if the ſtring remain always equal to 
thelength AR, the point T will always move in the given, 
Cor. The firing AR is equal to the ſemi-cycloid A8, and 


therefore has the ſame ratio to AC, the ſemi-diameter of the 


extefior globe, as the like ſemi-cycloid CR has to CO, the 
eemi-diameter of the interior globe, 
U 4 ſmall, 


* 


Wer 
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ſmall, and is therefore conſidered only as a point. 

| > _ThisI think a full refutation to what Mr. Cum- 

ming ſays in (98.); as to what he alledges, that 
cycloidal cheeks don't ſucceed in practice, is an- 
ſwered by our inabilities to apply them right; for 
= what is once demonſtrated poſſible, myſt be fo if 
| it be right applied. Our author has ſhewn us great 
diſagreement between the theory and practice in 
this of pendulums and falling bodies; but he al- 
"_ examines into the cauſes of diſagreement, 
and finds them happen from ſome inaccuracy in 
the trial, as will appear from his ſcholiums in pages 
95 and 148, vol. Il. „ 
Beſides theſe obſervations of our author, we 
may make fome upon the application of common 
geometry, as meaſurers, who don't know the de- 

_ - monſtrations, deny the truth of Prop. 47, of Eu- 

= clid's firſt book ; as boys and others deny the truth 

4 | of the ſide of an hexagon being equal to radius, 
and ſeveral other properties of figures, which ! 
have ſhewn to happen from a wrong application, 
in the courſe of this work. 

So far was our author from being aware of Mr. 

_ Huygens's overſight in this matter, that he ex- 
preſsly mentions the difference between them in 
Cor. 2. to Prop 52,and there ſays, that Mr. Huy- 

gens had proved the ſame in the common cycloid, 
or that formed upon a right line. 9 8 5 
What Sir Iſaac ſays in the next propoſition, has 
no relation in the leaſt, that the wheels of a clock 

| ſhould deſtroy the cycloidal properties, he being 
there going to prove the equality of the oſcilla- 
tions, firſt lays down by what law he will prove 
it, and ſays, that gravity alone is to be the cauſe 
of motion. In another place, he excludes all 

' Qutward actions and impediments (viz. page 27, 
vol. I.); but that pendulums are members of clocks 
he could not mean, that clock wheels — de- 

TOI MY roy | 
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ſtroy the motion, if applied to either; nay, as 
will appear from Prop. 53, his ſilence about clocks 
here, ſuggeſts that the cycloidal properties would 
not be Gelroyed when applied to them. Since he 
has ſhewn us there how to make the vibrations in 
arcs of a circle iſochronal, certainly, if he had 
thought the cycloidal properties would have been 
deſtroyed, he would have pointed out the amend- 
ment, as well as he did for the arc of a _— 
"_ applied to clocks. 


„ 


The reverſe of this problem is alſo eaſy, viz. if 
a pendulous body, or pendulum be given, to 
form the cycloid for the oſcillating body. 

Let the length of the given pendulum be AR, 
(fee the ſame fig.) and take any right line AC, 
greater than the pendulum AR ; between AC and 
CR find a mean proportional, which ler be CO, 
then we have AC—CO, equal to AO, the diame- 
ter of the circle for the deſcription of the cycloi- 
dal cheeks As and AQ; and alſo CO — CR =- 
OR = the diameter of the circle. To deſcribe 
-QRS for the oſcillating body, with intervals equal 
to AC and OC, let the circles DAF and SOU be 
deſcribed, which circles will be the curve baſes 
of the epicycloids AS, AQ, and QRS. 

The foregoing is the geometrical method of 
forming the curves, but it ſtill remains how they 
are to be made according to the foregoing theory, 
that they may anſwer the purpoſe deſigned by them. 
It is plain, that we can ſtrike a tolerable true circle 
with a pair of dividers, or upon a centre with a 
turning tool, and alſo that we can come pretty 
near this circle by filing; but if we attempt the 
forming the cycloid as above laid down, with a 


ow or circle BPV e 48. or 49.) the wood 
WI 


* PF TIES l 1 


2% OF PENDULUMS. 


will lip, and in conſequence won't form the eurve 
required to prevent which, I always made my 

wheels of braſs, with a piece of ſteel fixed as at 
the point P, like the point of a pair of compaſſes, 
and rowled them upon ſteel with fine teeth in the 
baſes of my curves, whether they were right lines 
for the common cycloid or curve ſurfaces, for the 
puter or inner fort in (Prop. 48. and 49.) yet with 
this contrivance there is required great care in the 
execution, which I managed by ſeveral different 


methods, but found the beſt was to put the de- 


{cribing wheel upon an axis true turned, and put- 
ting the ſame into an haft to turn the wheel round 


with one hand, while I held it faſt with the other 


upon the circumference of the circle, &c. and by 
the teeth being preſſed into the braſs wheel, I pre- 
vented the flipping, which is common without 


them. I moſtly deſcribed upon a ſmooth piece of 


braſs well-poliſhed, and clear of pores; by a con- 
tinuance of this contrivance, the curves might be 


* 


turned as true as any other circle. 


PROP. LL EY 
178. Fa centripetal force, tending on all fides to 
the centre C of a globe (fig. 78.) be in all places, 


4356 the diſtance of the place from the centre, and by 


this force alone acting upon it, the body T oſcillates 
(in the manner above deſcribed) in the perimeter of 
the cyciaid QRS; I ſay, that all the oſcillations, how 


nunegua ſcever in themſelves, will be performed in 
equal times. | Je 


For upon the tangent TW, infinitely produced, 
let fall the perpendicular CX, and join CT; be- 


cauſe the centripetal force with which the body T 


is impelled towards C, is as the diſtance CT. Let 

this force be reſolved into the parts CX, TX, by. 

1193.) of this work, of which CX, impelling, . | 
| 1 ody 
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body directly from P, ſtretches the thread PT, 
and by the reſiſtance the thread makes to it, is to- 
tally employed, producing no other effect; but 
the other part LX, impelling the body tranſverſe- 
ly, or towards X, directly accelerates the motion 
in the cycloid. Then it is plain that the accelera- 
tion of the body, proportional to this accelerating 
force, will be every moment as the length TX; that 
is (becauſe CV, WV, and TH, TW, proportional 
to them are given) as the length TW, that is (by 
Cor. 1. to Prop. 49.) as the length of the are of 
che cycloid TR. ( © PROP. 


18 
93232 er 


(4) If therefore two pendulums APT, Apt, be unequally 
rawn aſide from the perpendicular AR, and let fall together, 
heir accelerations will be always as the arcs to be deſcribed 
TR, tR; but the parts deſcribed at the beginning of the 
motion are as the accelerations, that is, as the obies to be 
deſcribed at the beginning, and therefore the parts which re- 
main to be deſcribed, and the ſubſequent accelerations pro- 
portional to thoſe parts, are alſo as the wholes, and fo on. 
Therefore the accelerations, and conſequently the velocities 
generated, and the parts deſcribed with thoſe velocities, and. 5 i 
the parts to be deſcribed, are always as the wholes; and 
therefore the parts to be deſcribed preſerving a given ratio to * 
each other will vaniſh together, that is, the two bodies oſcil- 
lating will arrive together at the perpendicular AR. And 
ſince on the other hand the aſcent of the pendulums, from 
the loweſt place R through the ſame cycloidal arcs with a re- 
trograde motion, is retarded in the ſeveral places they paſs 
through, by the ſame forces by which their deſcent was acce. 
Heats» 7 it is plain, that the velocities of their aſcent and de- 
ſcent through the ſame arcs are equal, and conſequently per- 
formed in equal times; and therefore, ſince the two parts of 
the cycloid RS and RQ, lying on either ſide of the perpendi- 
cular, are fimilar. and equal, the two pendulams will per. 
form as well the wholes as the halves of their oſcillations in 


the ſame times, Q. E. D. | 
The force with which the body T is accelerated or retarded 
In any place T of the cycloid, 1s to the whole weight of the 


* 
— 
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179. To define the velocities of the pendulums in 
zhe ſeveral places, and the times in which both the 
entire oſcillations, and the ſeveral parts of them are 
performed. „ Ln Sth v7 

From the demonftration below (e) fince in 
unequal oſcillations, there are.deſcribed in equal 
times arcs proportional to the entire arcs of the oſ- 
cillations; there are obtained from the times given, 
both the velocities and the arcs deſcribed in all the 
oſcillations univerſally. Which was firſt required. 


1 * 1 1 * wy 8 „* 


0 


ſame body in the higheſt place 8 or Q; as the arc of the cy. 
cloid TR, 1s to 9 of or QR. * i | x A g 
(e) About any center G (fig. 80.) with the interval GH 
e Equal to the arc of the cycloid RS, (fig. 79.) deſcribe a ſemi- 
circle HKM, biſected by the ſemi-diameter GK. And if a 
centripetal force, proportional to the diſtance of the places, 
from the center tend to the center G, and it be in the perime- 
ter HIK, equal to the centripetal force in the perimeter of the 
globes QOS, tending - towards its center, and at the ſame | 
F _ fime that che pendulum Ti is let fall from the higheſt place S, 
Aa body, as I., is. let fall from Hl to G; then, becaufe the 
| forces which act upon the bodies are e ual at the beginning, 
and always proportional to the ſpaces to be deſcribed TR, IG; 
| and therefore it TR and LG are equal, are alſo equal in the 
1 2 T and L. It is plain, that thoſe bodies deſcribe at the 
beginning equal ſpaces, ST, HL, and therefore are ftill ated 
upon equally, and continue to deſcribe equal ſpaces. There- 
fore by the time in which the body deſcribes the arc ST, is to 
the time of one oſcillation, as the arc HI, the time in which 
the body H arrives at L, to the ſemiperiphery HEM, the 
* time in which the body H will come to M. And the velocity 
| of the pendulous body in the place T, is to its velocity in the 
loweſt place R; that is, the velocity of the body H in the 


place L, to its velocity in the place G, or the momentary in- 
crement of the line HL to the momentary increment of the 
line HG (the arcs HI, HK, increaſing with an equal flux) as 


the ofdinate LI to the radious GK, or as SR IR“ to SR. 
e Therefore 


* 
WEL * 
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Therefore from the preceding demonſtration 
and that below, (J) the oſcillations in all globes 
and cycloids, performed with what abſolute forces 
ſoever, are in a ratio compounded of the ſub- du- 
plicate ratio of the length of the ſtring directly, 
and the ſub-duplicate ratio of the diſtance between 
the point of ſuſpenſion and the center of the globe 
inverſely alſo. „ . 
Cor. 1. Hence alſo the times of oſcillating, fall- 
ing and revolving bodies may be compared among 
themſelves. | | 0 Ns ty ng 
For if the diameter of the wheel with which the cy- 
cloid is deſcribed within the globe, is ſuppoſed equal 
to the ſemi-diameter of the globe; the cycloid 
will become a right line paſſing through the center 
of the globe, and the oſcillation will be changed 
into a deſcent and ſubſequent aſcent in that right 
1 | . ä line. 


= 


— 5 1 4 ” * = ” 


S 6 


/) Let now any pendulous bodies oſcillate in different cy« 
Cloids deſcribed within different globes, whoſe abſolute forces 
are alſo different; and if the abſolute force of any globe of 
Os be called V, the accelerative force, with which the pen- 
dulum is acted on in the circumference of this globe when it 
begins to move directly towards its center, will be as the diſ- 
tance of the pendulous body from that center, and the abſo- 
late force of the globe conjunctly, that is, as CO x V. 
Therefore the lineola HY, which is as this accelerative force 
CO x V, will be deſcribed in a given time; and if there be 
erected the perpendicular TZ, meeting, the circumference in 
Z, the naſcent arc HZ will denote that given time. 
But that naſcent arc HZ, is in the ſub-duplicate ratio of 
the rectangle GHV, and therefore as GH x CO V. 
Whence the time of an entire oſcillation in the cycloid QRS 
(it being as the ſemi-periphery HKM, denotes that entire of... 
cillation directly, and as the are HZ, which, in like manner, 
denotes a given time inverſely) will be as GH directly, and 
GH x CO x V inverſely; that is, becauſe GH and SR 


| SR | l 
| are equal, as VE KY or (by Cor. Prop. 50.) VICKY | 


102 OF EN DU IL UN 


ine. Whence there is given botli the time of 
the deſcent. from any place to the center, and the 
time equal to it, In which the body revolving uni- 
about the center of the globe at any diſtance 
deſcribes au arc of a quadrant; for this time (by 
caſe 2.) is to the time of half the oſcillation 1 in any. 


eycloid QRS, 4 1 to /ZE 
Cor. 2. Hence alſo follow what Sir Chriſtophet 


Wren and Mr. Huygens have diſcovered eoncern- 


ing the vulgar cycloid. 
For if the diameter of the globe be Infinitely 


increaſed, its ſpherical ſuperficies will be changed 
into 2 plane, and the centripetal force will act 
uniformly in the direction of lines perpendicular 
to that plane, and this cycloid of ours will be. 
come the ſame with the common eycloid. But in 
that caſe, the length of the arc of the cycloid, 
between that plane- and the deſcribing point, will 
become equal to four times the verſed ſine of half 
© the are of the wheel between the ſame plane and 
the deſcribing point, as was diſcovered by Sit 
Chriſtopher Wren. 
And a pendulum between two fuch eyeloids 
will oſeillate in a ſimilar and equal eycloid in equal 
times, as Mr. Huygens demonſtrated. The de- 
ſeent of heavy bodies alſo in the time of one oſ- 


. ciliation, will 'be the ſame as Mr. Huygens ex. 


hibired. 

„ propoſitions here demonſtrated, ate adap 
ted to the true conſtitution of the 85 in ſo-far 
as wheels moving in any of its great circles will 
deſcribe, by the motions of nails fixed in their 5 ro 
Nimeters, cycloids without the globe, nd pe 

Jums in mines and deep caverns of the arch, muſt 
ofcillate in cycloids within the globe, that thoſe 


oſcillatiom m be W equal times. 
ot Te ans PROE 
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1380. Granting the quadratures of curvilinear fi- 

gures, i is reguired to find the forces with which bo- 

dies moving in given curve lines, may A moons 
their ofcilations in equal times. 

Let the bodies F (fig. 8 1.) oſcillate i in any curve 
line STRQ, whoſe axis is AR, paſſing through 
the center of force C; draw TX, touching that 
curve. in any place of the body T, and in that 
tangent T, take TY equal to the arc TR, the 
length of that arc is known from the common 
methods uſed for the quadratures of figures. 
From the point Y, draw the line TZ perpendi- 
cular to the tangent, draw CT meeting that per- 
pendicular in Z, and the centripetal force will bs 
proportional to the right line T2, 

For if the force, with which the body is attract⸗ 
ed from T towards C, be expreſſed by the right 
line TZ taken proportional to it, that force will 
be reſolved into two forces, TY, TZ, of which 

YZ, drawing the body in direction of che length 
of the thread PT, does not at all change its mo- 
tion; whereas the other force T directly accele> 
rates or retards its motion in the curve SFR. 

Wherefore ſince that force is as the ſpace to be 
deſcribed TR, the accelerations or retardations of 
the body in deſcribing two proportional parts (a 
greater and a leſs) of e. oſcillations, will be al- 
ways as thoſe parts, and therefore will cauſe thoſe 
parts to be deſcribed — yh but bodies which 
continually deſcribe toget arts Aa ogra; to 
the — will Gait the — together alſo. 

Cor. 1. Hence, if the body T (fig. 82.) hangs 
ing by a rectilinear thread AT, from the: center 
A deſcribe. the circular: are STRQ,: anc] in the 
mean time, be acted on by any torce tending 

|  down= 


MU 
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downwards with parallel directions, which is to 
the uniform force of gravity, as the arc TR to 
the fine IN; the times of the ſeveral oſcillations 
vill be equal; for becauſe TZ, AR, are parallel, 


te triangles A TN, ZI T, are ſimilar; and there- 
fore TZ will be to AT, as TI to TN; that is; 


if the uniform foree of gravity be expreſſed by 
the given length AT, the force TZ, by which the 
odſcillation became iſochronous, will be to the 


force of gravity AT, as the arc TR equal to TY, 


is to N the ſine of thatarc. - 
Cor. 2. And therefore in clocks, if forces were 
iĩmpreſſed by ſome: machine upon the pendulums 


which preſerve the motion, and ſo:compounded 


with the force of gravity, that the whole force 
ending downwards, ſhould be always as a line 
produced by applying the rectangle under the are 
IR, and radious AR to the fine TN, all the of- 
eillations will become iſochronous. 
Senn. 


2 * 4. 
* 


1581. If onr author had left us no mor upaũ 


the doctrine of pendulums than this propoſition, 


it would have been ſufficient for all his Jabours ; 

but though it is demonſtrated to be of ſuch uſe, 
and even its application pointed out, yet we never 
have had any improvement upon it that I know 

of ; all our writers after him, either have wholely 


poaſſed over it, or if not, have only given us the 


ſame ſe 
The propoſition is propoſed of all curves what - 
ever, and as the lengths of them can be found by 
his ſublime methods of quadratures, he ſuppoſes 
them given. But as none but the circle are of uſe 
to us, we need only confine ourſelves to ** 


ne in other words, which ſeems not 


5 [ 
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Cors. which treat upon the curves of that geome- 
tic figure, whoſe lengths are known from its dia- 


meter, & c. " | V 
What is meant by the producing a line from the 


llelograms are equal, though one may be twice 
s long as the other; therefore, if the arc TR in- 
de increment of the arc above the ſine; and as 


rxeadulum 3 or, ſuppoſe two pendulums of the 


required to make them come down to the loweſt 


wiverſally in every point by one application of a 
machine for that purpoſe. „ | 


tat when the arcs ate infinitely ſhort, that then 
the ſine and arcs are nearly equal; therefore, 


M; therefore the force muſt increaſe as the 


lat of the indirect force, and which is evident, 


rds in the problem. 
tachine propoſed; let a weight be applied to a 


tion, by the verſed. fine of the arc to be de- 


. 
>= 


ipplication of the rectangles is plain from (89), 
where it is proved, that the complements of pa- 


treaſe more than the ſine TN, then the line pro- 
duced from the application will be increaſed as 
this line, is increaſed, ſo muſt the force upon the 


lime lengrh and weight were raiſed from the per- 
pendicular, one 4 inches, and the other 8, then it 


pint cf the arc together, and the reverſe; and this 
From the properties of the circle it is plain, 


fom the Tecond Cor. the line produced from the 
pplied rectanctle will be the line AT very near. 
But as the arc inereaſes, ſo does the verſed fine or 
riſed ſine, and the radius AT; but from (93) 
be verſed ſine NR will repreſent the accelerations 
jr tetardations of the force, as the radius AT will 
rom our author's reſolutions of the force down - 
Hence we atrive at this eaſy conſtruction of the 
her AT, and raiſed higher than its line of di- 


kribed, then it is plain, that, if the force of te 


- P35 * 
2 
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(fig. -83.) the line aT, equal to Ab or AT, wil 3 


duced from it, will be every where to the unifor | f 


to that of the arc TR. If the ſame reaſoning i 
lerated and retarded velocity in the deſcents and 


elevated the greateſt poſſible; or, when the verſed 


radius, from a full conſideration of the matter, 
came into the following illuſtration. Suppoſe af 


ter, be ſuſpended againſt an immovable object, al 


an axis, with a ſtiff inflexible rod, and that the ball 


_ cillation be applied to that of the ſuſpended pen- 
lum be connected with the ſuſpended one, ſo as to 


then it will be the force required by our author, 
which is evident from the demonſtrations to 51, 


down in his book upon clo 


306 OF PEN DULU MS. 
weight T begin to act upon the pendulum aboyll 
its line of direction, then its force impreſſed wil. 
be increaſed as it arrives to the ſame; for, it 
repreſent the uniform force of gravity, and AT | 
the diagonal of the parallelogram ab, will be ever 
where the iſochronous force, which is produce 
from Aa and aT, and conſequently the force prof 


force as its arc is to its ſine z but its fine is equ: 


applied here that is uſed in propoſition 51 in (177 
the concluſions will be the ſame both for the acce 


aſcents of the arcs for each pendulum. But, tha 
the machine may be univerſal, the weight muſt be 


fine is greateſt, which is when it becomes equal iq 


ndulum of a given length, and quantity of mat 


a wall, &c. and that another pendulum of the 
ſame length and quantity of matter be fixed upon 


of this be inverted upwards, and its centre of oſ- 


dulum. | „ 
Now, it is plain, that if the appended pendu-W 


affect the ſuſpended pendulum with its motion, 


32, and 33. When this illuſtration of the in- 
verted pendulum is compared with the machine 
invented by Mr. Cumming, which he has laid 
x work, we ſhall fn 
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{to be nearly the ſame of his in his book. See 
o 3 1 
ig Whether he took the hint, as J have done, from 
i Iſaac, I know not; bur this it plainly ſhews, 


oe of clocks, which Mr. Cumming would per- 
fade us he did not. But whether our author did 
did not, they are what was wanting for clock- 
makers, in a non-reſifting medium; fo it is their 
fults if they don't uſe them, or have what theſe 
rropoſitions ſhew neceſſary. 


PROPOSITION XXIV. Vol. 2. 
481. The quantities of matter in funipendulous bodies, 
whoſe centres of oſcillation are equally diſtant from 
the centre of ſuſpenſion, are in a ratio compounded of 
the ratio of the weights, and the duplicate ratio of 
the times of the oſcillations in vacuo. © 

For the velocity, which a given force can gene- 
inte in a given matter in a given time, is as the 
force and the time directly, and the matter in- 
rerſely. The greater the force or the time is, or 
the leſs the matter, the greater velocity will be 
generated, This is manifeſt from the ſecond law 

of motion. Now, if pendulums are of the ſame 
length, the motive forces in places equally diſtant 
from the perpendicular are as the weights; and 
therefore, if two bodies, by oſcillating, deſcribe 
equal arcs, and thoſe arcs are divided into equal 
parts; ſince the times in which the bodies deſcribe 
each of the correſpondent parts of the arcs, are 
as the times of the whole oſcillations, the velo- 
cities in the correſpondent parts of the oſcillations 
will be to each other, as the motive forces and 
the whole times of the ofcillations directly, and 
the quantities of matter reciprocally; and theres 
{pre the quantities of RE are as the forces 5 | 

Se LEG. 4 | the. 
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that our author defigned theſe propoſitions for the 


nr 
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the times of the oſcillations directly, and the velo- 
cities reciprocally : but the veloeities reciprocal] 
are as the times, and therefore the times directly, 
and the velocities reciprocally, are as the ſquares 
by of the times; and therefore the quantities of mat- 
„ ter are as the motive forces and the ſquares of the. 
times, that is, as the weights and ſquares of the 
f times, Q, E, D. | - 
Cor. 1. Therefore, if the times are equal, the 
quantities of matter in each of their bodies are as 
the weights. 8 
Cor. 2. If the weights are equal, the quantities 
of matter will be as the ſquares of the times. 
Cor. g. If the quantities of matter are equal, | 
the weights will be reciprocally as the ſquares of 
the times. ;- i „ 
Cor. 4. Whence, ſince the ſquares of the times, 
are as the lengths of the pendulums, therefore, 
if both the times and quantities of matter are 
equal, the weights will be as the lengths of the 
| pendulums. „ Oden {, | A . | = 
; . Cor. 53. And, univerſally, the quantity of mat- 
9 ter in the pendulous body, is as the weight and the 
ſquare of the time directly, and the length of the 
pendulum inverſely, © 8 
| Cor. 6. But in a non-reſiſting medium, the 
quantity of matter in the pendulous body is as the 
= comparative weight and the ſquare of the time di- 
= rectly, and the length of the pendulum inverſely; 
=_ For the comparative weight is the motive force of 
the body in any heavy medium, as was ſhewn 
above; and therefore does the ſame thing in ſuch 


2 a. non-reſiſting medium, as the abſolute weight for 

2 Gees in een. . ur 
Cor. 7. And hence appears a method both of n 

comparing bodies. one among another, as to the th 

quantity of matter in each, and of comparing the T 
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weights of the ſame body in different places, to 
how the variation of its gravity, And, by ex- ; 
xriments made with the greateſt accuracy, I have 
ways found the quantity of matter in bodies to 
ke proportional to their weight. IE) 


PROPOSITION XXY. h 
182. Funipendulous bodies, that are in any medium 
rhed in the ratio of the moments of time, and funi- 
judulous bodies that move in a non-reſiſting medium 
if the ſame ſpecific gravity, perform their oſcillations 
na cycloid in the ſame time, and deſcribe proportion- 
al parts of arcs together.  - | 
Let AB (fig. 84.) be an arc of a cycloid, which. 
body D, by vibrating in a non- reſiſting medium, 
ſhalt deſcribe in any time. Biſect that arc in C, 
b that C may be the loweſt point thereof; and 
tie accelerative force, with which the body is 
unged in any place, D, or d or E, will be as the 
kngth of the arc CD, or Cd, or CE. Let that 
force. be expreſſed by that fame arc; and ſince the 
rliſtance is as the moment of the time, and there- 
fore given, let it be expreſſed by the given part 
(O of the cycloidal arc, and take the arc Od in 
tie ſame ratio to the arc CD, that the arc OB has. 
o the are CB, and the foree with which the body 
n d is urged in a reſiſting medium, being the 
exceſs of the force Cd above the reſiſtance CO, 
| vill be expreſſed by the arc Od, and will there- 
fore be to the force. with which the body D is | 
urged in a non-reſiſting medium in the place O, 
3 the arc Od to the arc CD; and therefore allo in 
the place B. as the arc OB, to the arc CB.— 
Therefore, if two bodies Dd, go from the place 
B, and are urged by theſe forces, ſince the forces 
at the beginning are as the arcs CB and OB, the 
kirit velocities and arcs firſt deſcribed will be in the 
X 3 ; ſame 
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ſame ratio. Let theſe arcs be BD and Bd, an 


the remaining arcs CD, Od, will be in the ami © 
7 s be iti 

0 

Ne 

bod 

le 

1 ü 

will be deſcribed together. Therefore the ty . 
bodies D and d will arrive together at the place 
and O; that which moves in the non: reſiſtinꝗ i tnt 
medium, at the place C, and the other in the re FU 
ſiſting medium, at the place O. Now, ſince th * 
velocity in C and O are as the arcs CB, OB, th en 
arcs WI ich the bodies deſcribe when they go far ecu 
ther will be in the ſame ratio. Let thoſe arcs b bar 
CE, and Oe. The force with which the body I *<+ 
in a non; reſiſting medium is retarded in E, is a l 
(E, and the force with which the body d in th bre 
reſiſting medium. is retarded in e, is as the ſum oi add 
the force Ce, and the reſiſtance CO, that is, a 
Oe; and therefore the forces with which the bo vil 
dies are retarded, are as the arcs CB, OB, propor- ad 
tional to the arcs CE, Oe; and therefore the vel vel 
cities, retarded, in that given ratio, remain in the the! 
Jame given ratio. 33 the 
Therefore the velocities, and the arcs with thoſeſ beg 
velocities, are always to each other in that given forc 
ratio of the arcs CB, and OB; and therefore, i arcs 
the entire arcs AB, aB, are taken in the ſame ratio, WI arc: 
the bodies D and d will deſcribe thoſe arcs toge- 5 


ther, and in the places A and a will loſe all their Wh 
motion together. Therefore, the whole oſcillation WI 4c 
are iſochronal, or are performed in equal times; 
and any parts of the arcs, as BD, Bd, or BE, Be, 


that 
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that are deſcribed together, are proportional to th 


whole arcs: BA, Ba, Q, E, D. | | 
Cor, 1. Therefore, the ſwifteſt motion in a re- 


C, but is found in that point O, in whic 


the ſame rate, with which it was accelerated before 
þ its deſcent. from B to O. 
e 
183. Funipendulous bodies, that are reſiſted in the 
ratio of the velocity, have their oſcillations ina cycloid 
TEST 3 
For if two bodies, equally diſtant from their 


92 n 
wy r os 8 
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equal arcs, and the velocities in the correſpondent 
parts of the arcs be to each other as the whole 
arcs, the reſiſtance, proportional to the velocities, 
jill. be alſo to each other as the ſame arcs. There. 
fore, if theſe reſiſtances. be ſubducted from, or 
added to the motive forces ariſing from gravity, 
which are as the ſame arcs, the differences or ſums. 


* - ; 
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vill be to each other in the ſame ratio of the ares; 


ind ſince the increments and decrements of the 
velocities are in any one caſe as the whole arcs, 
they will remain always in the ſame ratio. But at 
the beginning of the motion, when the bodies. 
begin to . deſcend. and deſcribe thoſe arcs, the 
forces, which at that time are proportional to the 
arcs, will generate velocities Proportional to the 
Therefore the velocities will be always as the 


* 


whole arcs to be delcribed, and therefore thoſe 
urs will be deſcribed in the ſame time. Q, E, D. 
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ſting medium does not fall upon the loweſt point. 
whole arc deſcribed Ba is biſected. An the 
body proceeding from thence to a, is retarded at 


centres of ſuſpenſion, deſcribe, in oſcillating. un- 
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* The times of the oſcillations in a reſiſting medium, ani | 


of the ſame ſpecific gravity, will be proportional if 


dium; and the reſiſtance BB cauſes the excels of 


the leſſer arc. 


in the ſame times as in a non- reſiſting medium, 


greater arcs, are a little greater, becauſe the re- 


8 
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PRO P. XXVII. 


184. J funipendulous bodies are refifted in the dul 


the times of the oſcillations in a non- ręſiſting medium 


the arcs deſcribed in oſcillating nearly). 

For let equal pendulums in à refiſting medium 
deſcribe the unequal arcs A, B, and the reſiſtance 
of the arc A will be to the reſiſtance of the body 
in the correſpondent part of the'arc B in the dupli- 
cate ratio of the velocities, that is, as AA, to BB, 
nearly. If the reſiſtance in the arc B were to the 
reſiſtance in the arc A, as AB to AA, the times Ml 
in the arcs A and B would be equai, (by the laſt 
prop.) Therefore the reſiſtance AA in the arc A, 
or AB in the arc B, cauſes the exceſs of the times 
in the arc A, above the time in a non reſiſting me- 
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the time in the arc B, above the time in a non re⸗ 
ſiſting medium. But thoſe exceſſes are as the effi- 
cient forces AB and BB nearly, that is, as the arcs 


Cor. 1. Hence, from the times of the oſcilla- 
tions in unequal arcs in a reſiſting medium, may 
be known the times of the oſcillations in a non- 
reſiſting medium of the ſame ſpecific gravity. For 
the difference of the times will be to the exceſs of 


the time in the leſſer arc above the time in a non- 
reſiſting medium, as the difference of the arcs ta 


Cor. 2. The ſhorter oſcillations are more iſo- 
chronal, and very ſhort ones are performed nearly 


But the times of thoſe which are performed in 


ſiſtance 
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fiſtance | in the deſcent of the body, by which the 


time is prolonged, is greater in proportion to the 


leng th deſcribed in the deſcent, than the reſiſtance 


in the ſubſequent aſcent, by which the time is 
contracted. But the time of the oſcillations, both 
ſhort and long, ſeems to be prolonged in ſome 
meaſure by the motion of the medium. For re- 
tarded bodies are reſiſted ſomewhat leſs, in propor- 
tion to the velocity, and accelerated bodies ſome- 
what more, than thoſe that proceed uniformly 
forwards; becauſe the medium, by the motion it 
has received from-the-bodies, going forwards the 
fame way with them, is more agitated in the for- 


mer caſe, and leſs in the latter; "and fo conſpires 


more or leſs with the bodies moved. Therefore 
it reſiſts the pendulums in their deſcent more, and in 
their aſcent leſs, than in proportion to the velocity; 5 
and theſe two cauſes concurring prolong the time. 


"PROPOSITION XXV11L,. 


185. If a funipendulous body, ofcillatin in a cyr 
dad be re/ifted in the ratio of the ratio 6 11 moments 
of the time, its reſiſtunce will be to the forct 9 ravity, 
&s the. exceſs..of the arc deſcribed in the whole deſcent, 
above the. arc deferibed'im the ſubſequent afcem, to 
' Fwwice the length: of the pendulum. = 
Let BC (fig.-84.)reprefenr the are deſcribed.in the 

deſcent, Ca —_ arc deſcribed in the aſcent, and Aa 

the difference of the ares; and things remaining 

as they were conftructed: and demon ſtrated in Prop. 

25. the force, with which the oſcillating body is 

urged in any place D, will be to the force of re- 
ſiſtance as the arc CO to the art CO, which is half 
of that difference Aa. Therefore the force with 


* 
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which the oſcillation body is urged at the begin- 


ning or the higheſt point of the cycloid, that is, 
the force of gravity, will be ta the 3 as the 
arc 
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ate of the eycloid; between that higheſt point an 


loweſt point C, is to the arc CO, that is, (doub- 


lng thoſe arcs) as the whole cycloidal arc, or 


twice the a of the e to the arc Aa. | 
Q. E, D 
PROP. XXXI. 


1366. 7 the refiſtance made to an oſcillating body 
zn carb of the proportional parts of the arcs de- 
feribed, be augmented or diminiſhed in à given ratio, 
be difference between the arc Afertbed in the deſcent, 
and the arc deſcribed in the ſubſequent aſcent,. will be 
augmented or diminiſhed in the ſame ratio. | 

Cor. 1. Hence, if the reſiſtance be as the velo- 

city, the difference of the ares in the ſame me- 
dium will be as the whole arc deſeribed; and the 
contrary. 

Cor. 2. If the reſiſtance be i in the duplicate 
ratio of the velocity, that difference will be in the 
duplicate ratio o the whole arc; and the con- 


Cor. 3. And univerſally, if the reſiſtance be in 
the duplicate, or any other ratio of the velocity, 
the difference will be in the ſame ratio of the whole 
arc; and the contrary. 
Cor. 4. If the reſiſtance be partly i in the ſimple 
ratio of the velocity, and partly in the duplicate 
ratio of the ſame, the difference will be partly in 
the ratio of the wliole arc, and partly in the du- 
plicate ratio of it; and the contrary. So that the 
law and ratio of the reſiſtance will be the ſame for 
the velocity, as the law and ratio of that differ- 
ence for the length of the arc. 4 
Cor. 5. And therefore if a pendulum deſeribe 
ſucceſſively unequal arcs, and we can find the ra- 
tio of the, increment or decrement of this differ- 
ence for the length of the arc deſcribed; there w uy 


” it. 


* 


be had alſo the ratio of the increment or decre- 

ment of the reſiſtance for a greater or leſs velo- 
city. | . þ 

This laſt Cor. ſeems to be the concluſion or re- 

ſult of all the foregoing propoſitions upon the re- 

ſiſtances of pendulums; for if we can find the 


ratio of the increment or decrement of the reſiſt. 


ance, we have the ratio of the maintaining force 
for the given one : But, as will appear in the ge- 
neral ſcholium, the reſiſtance; will be found from 
the loſs of ſpace in each vibration, or a number of 
them; and from which may be determined the 
ratio from the number of vibrations in the time of 
the firſt deſcent, to the laſt ſubſequent aſcent, and 


this let the velocity be what it may. Therefore 


the whole propoſitions ſeem abſorbed up in this 
laſt Cor. for practical uſes at leaſt. 

187. The foregoing are the principal props. 
upon pendulums in reſiſting mediums: 4 have 
omitted prop. 29 and 30, as well as the demon- 
ſtration of 31, as being too high for firſt-rate ma- 
thematicians; and as their uſe is better ſupplied: 

with part of the general ſcholium which here 
follows, and conſequently fitter for moſt of my 


* 


nr | 


If our author had not left us his experimetits". 


upon theſe propoſitions, we ſhould have been at a 
great loſs how to have made uſe of them in prac- 
tice, or to have drawn practical concluſions: from 
them. Though his intent was for a different view 
to what we are to uſe them, yet, by the bye, we 
come at ſome very uſeful obſervations, that may 
remove the diſpute between a long and-ſhort arc 
of vibration, to a pendulum of a given length. 

He ſuſpended pendulums of lead, iron, wax, 
and boxes full of lumber, and made them to vi- 
brate in air, water, quickſilver; and in all theſe 


trials 
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trials he marked down the reſiſtances, when © and 


2 of the motion was loſt, which he did by fixing 


a rule with inches, &c. as below related (a.) 
. : | | Now, 
— ũ mD—Q—Q—— — — — 
GENERAL SCH OLIUM. a 
(a) From theſe propoſitions, we may find the reſiſtance of 
mediums by pendulums oſcillating therein. I. found the re- 
fiſtance of the air by the following experiments. I ſuſpended 
a wooden globe or ball wgighing 57-7 ounces Troy, its dia- 
meter 67 Y ondon inches fine thread on a firm hook, 
ſo that the diſtance between the hook and the center of 
oſcillation of the globe was 104 foot. I marked on the 
thread a point 10 foot and 1 inch diſtant from the point of 
ſuſpenſion ; and even with that point I placed a ruler divided 
into inches; by the help thereof I obſerved the lengths of 
the arcs deſcribed by the pendulum. Then I numbered the 
oſcillations in which the globe would loſe + part of its mo- 
tion. If the pendulum was drawn aſide from the perpendi- 
cular to the diſtance of 2 inches, and thence let go, ſo that 
in its whole deſcent it deſcribed an arc of two inches, and in 
the firſt whole oſcillation, compounded of the deſcent and 
ſubſequent aſcent, an arc of almoſt four inches: the ſame in 
164 oſcillations loſt + part of its motion, ſo as in its laſt aſcent 
to deſcribe an are of 13 inches. If in the firſt deſcent it de- 
ſcribed an arc of 4 inches, it loſt 4 part of its motion in 127 
oſcillations, ſo as in its aſcent to deſcribe an arc of 3; inches. 
If in the firſt deſcent it deſcribed an arc of 8, 16, zz, or 64 


/ 


inches, it loſt 4 part of its motion in 69, 352, 184, 95s 


oſcillations, reſpectively. Therefore the difference between 


the arcs deſctibed in the firſt deſcent and the laſt aſcent, was 


in the iſt, 2d, 3d, 4th, 5th, 6th caſe, 4, 2, 1, 2, 4, 8 
inches reſpectively. Divide thoſe differences by the number 
of oſcillations in each caſe, ' and in one mean oſcillation. 
wherein an arc of 33, 72, 15, 30, 60, 120 inches was de- 
7 2 | 3 N deſeribed in the deſcent 
and ſubſequent aſcent will be 3283, +454 #55 fro 355 its 
parts of as inch reſpectively. But thele 8 the 

reater oſeillations are in the duplicate ratio of the arcs de- 


ſcribed nearly, but in leſſer oſcillations ſomething greater 


than in that ratio; and therefore (by Cor. A Props 31.) the 
reſiſtance of the globe, when it moves very ſwift, is in the 


duplicate ratio of the velocity, nearly; and when it moves 


flowly, ſomewhat greater than in that ratio. 
| Now, 
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Now, it is plain, that if we find any two differ- 

ent arcs the ſame, or nearly ſo in both, that both 
of theſe will be the limits of vibration of the pen- 
67) 1 85 dulum, 


—_— 


Now, let V repreſent the greateſt velocity in any oſcilla- 
tion, and let A, B, and C, be given quantities, and let us 
ſuppoſe the difference of the arcs to be AV+BV3+CV®*, 
Since the greateſt velocities are in the cycloid, as 3 the arcs 
deſcribed in oſcillating, and in the circle as £ the chords of 
thoſe arcs, and therefore in equal ares are greater in the cy- 
cloid than in the circle, in the ratio of = the arcs to their 


„ 


— 5 a+», 1 A pp” 4 eo Lyagi? 
of the arcs in the ad caſe will become ZT AT BAC: in 


2 


the 4th caſe 351 24A T8 ＋ 166; in the 6th caſe 97 =16A 
+64B + 2566. Theſe equations reduced, give Azzo;00009t6, 
B=0,1000847, and C=0,0029558. Therefore the-differ- 
ence of the arcs is as o, oooog 16V +0,0010847V* þ0,0029558 
VI; and therefore, ſince the reſiſtance of the globe in the 
middle of the arc deſcribed in oſcillating, . where the velocity 
is V, is to its weight as FAV +4BV3+3CV*:to'the 
length of the pendulum: if, for A, B, and C, you put the 
numbers found, the reſiſtance of the globe will be to its 
weight, as 0,0000583V +0,0007593Vi+0,0022169V?,* to 
the length of the pendulum between the center of ſuſpenſion 
and the ruler, that is, to 121 inches. Therefore, ſinee Vin 
the 2d caſe repreſents 1 in the 4th caſe 4, and in the 6th 
Eaſe 16, the reſiſtance will be to the weight of the globe; * 
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dulum, and the outer arc will be the extreme vf 
the iſochronic arc for ſuch a pendulum; but in 
thoſe marked down by our author, we find the 

B . oſcillations 
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dhe zd caſe as 0,0030345 to 121, in the 4th as 0,041748 to 

121, in the 6th as 0,61705 to 121. The arc which the 

point marked in the thread, deſcribed in the 6th caſe, was of 
8 | | 


120mm = or 1195; inches. And therefore, ſince the radius 15 
: 1 | | 


was 121 inches, and the length of the pendulum, between 
the point of ſuſpenſion and the center of the globe, was 126 
inches; the arc, which the centre of the globe deſcribed, was 
1244 inches. Becauſe the greateſt velocity of the oſcillating 
body, by reaſon of the reſiſtance of the air, does not fall on 
the loweſt point of the arc deſcribed, but near the, middle 
Place of the whole arc : this velocity will be nearly the ſame 
as if the globe in its whole deſcent, in a non-refiſting me- 
dium, ſhould deſcribe 62; inches, the half of that arc, and 
that in a cycloid, to which we have above reduced the motion 
of the pendulum ; and therefore that velocity will be equal to 
that which the globe would acquire by falling perpendicu- 
larly from a height equal to the verſed fine of that arc. But 
that verſed fine in the cycloid is to that arc 627, as the 
fame arc to twice the length of the pendulum 252, and 
therefore equal to 15,278 inches. Therefore the velocity of 
the pendulum 1s the ſame which a body would acquire by 
falling, and in its fall deſcribing a ſpace of 15,278 inches. 
Therefore with ſuch a velocity the globe meets with a reſiſt- 
- ance, Which is to its weight as 0,61705 to 121, or (if we 
take that part only of the refiſtance which is in the duplicate 
ratio of the velocity) as 0,56752 to 121. 

I'found, by an hydroftatical experiment, that the weight 
of this wooden globe was to the weight of a globe of water 
of the ſame magnitude, as 55 to 97; and therefore, ſince 
121 is to 213, 4 in the ſame ratio, the reſiſtance made to this 

globe of water, moving forwards with the above-mentioned 
velocity, will be to its weight as o, 5672 to 213, 4, that is, 
as 1 to 3764. Whence, ſince the weight of a globe of wa- 
ter, in the time in which the globe, with the velocity uni- 
formly continued, deſcribed a length of 30,556 inches, will 
generate all that velocity in the falling globe, it is manifeſt, - 


chat the force of refiſtance uniformly continued in the ſame 
5 N | time, 
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oſcillations the ſame when the arcs are ſhort, and 
in particular in the pendulum of 126 inches, when 
It vibrated about 2 inches from the perpendicular, 


— — —— 


„ 


time, will take away a velocity, which will be leſs than the 
ET 8 | 

other in the ratio of 1 to 37698, that is, the 275. part of 
the whole velocity. And therefore, in the time that the 
globe, with the ſame velocity uniformly continued, would 
.deſcribe the length of its ſemi-diameter, or 34, inches, it 
would loſe the zr part of its motion. | e 

I alſo counted the oſcillations in which the pendulum loft 
4 part of its motion. In the following table the upper num» 
bers denote the length of the arc deſcribed in the firſt de- 
ſcent, expreſſed in inches and parts of an inch; the middle 
numbers denote the length of the arc deſcribed in the laſt 
aſcent; and in the loweſt place are the numbers of the 
oſcillations. I give an account of this experiment, as being 
more accurate than that in which only gj part of. the motion 
Was loſt. I leave the calculation to ſuch as are diſpoſed to 


make it. | / 


| Firſt deſcent A. 5 16, 32, 64. 
Laſt aſcent, 4 3. „ IS» 24s 4% © 
Num. of oſcill. 374, 272, 1025, 834, 415, 224» 


T afterwards ſuſpended a leaden globe of two inches in 
diameter. weighing 265 ounces Troy, by the ſame thread; 
ſo that between the centre of the globe and the point of ſuſ- 
penſion, there was an interval of io feet; and I counted the 
oſcillations in which.a given part of the motion was Joſt : 
the firſt of the following tables exhibits the number of oſcil- 
lations in which 4 part of the whole motion was loſt; the 
ſecond. the number of oſcillations in which there was loſt = 
part of the ſame. : 


Firſt deſcent, „ 4 ( 16+ 36. 66 
Laſt aſcent, $. = :.35 7 „ © a6 
Num. of oſcill. 226 228 193 140 90x 53 30 
Firſt deſcent, Y » 4 1 1614 6 
Laſt aſcent, CCTV 


Num. of oſcill. 51 518 420 318 204 121 70 
| | selecting 
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that its oſcillations were 226, and when it vibrated 
double the laſt, with the ſame loſs of motion, of 
4 inches with + loſs, its oſcillations were only 2 
more, or 228. Alſo, when it vibrated one inch 
from the perpendicular, till it loſt + part of its 
motion, the oſcillations were 5510; and when it 


o N » 


. 
A - weak So 4 2 ms „— 2 * e 2 — DD” RR SCE EEE, 
— — * _— „ 
4 


Selecting in the firſt table the 3d; 5th; and 5th obſerva- 
tion, and expreſſing the greateſt velocities in theſe obſerva- 
tions, particularly by the numbers 1, 4, 16, reſpectively, 
and generally by the quantity V as above; there will come 


; ＋ | | 

out in the zd obſervation 19z=A+B+Cz in the gth obſer⸗ 
_ 2 F « : * 55 

vation 901 , ABT 160; in the 7th obſervation = 
16A 4645 f 2566. Theſe equations reduced, give A= 
, 01414, Bro, oooz9 , Cg, 06879. And thence the 
reſiſtance of the globe, moving with the velocity V, will be 
to its weight 264 ounces, in the ſame ratio as 0,0009V + 
de, ooo 208 VA,, ooo65 V to 121 inches, the length of the 
pendulum. And if we regard that part only of the reſiſtance 
* Which is in the duplicate ratio of the velocity, it will be to 
the weight of the globe as ©,000369V*® to 121 inches. But 
this part of the reſiſtance in the 1 experiment, was to the 
weight of the wooden globe of 5 % ounces, as 0,002217V* 
to 121; and thence the reſiſtance of the wooden globe is to 
the reſiflance of the leaden one (their velocities berng equal) 
as 57,5 into 0,002217 to 264 into o, ooo659, that is, as 73 
to 1. The diameters of the two globes were 65 and two 
Inches, and the ſquares of theſe are to each other as 474 and 


4, or 1144 and 1, nearly. Therefore the reſiſtances of theſe 


- equally ſwift globes were in leſs than a duplicate ratio of the 
diametezs. But we have not. yet conſidered the reſiſtance of 
the thread, which was certainly very conſiderable, and ought 
to be ſubducted from the refiſtance of the pendulums here 
found. I could not determine this accurately, but I found 
It greater than a third part of the whole reſiſtance of the 
leſſer pendulum ; and thence I gathered, that the reſiſtance 
of the globes, when the reſiſtance of the thread is ſubducted, 
are nearly in the duplicate ratio of their diameters. For the 
ratio of 75—4 to 1—, or 10+ to 1, is not very different 
from the duplicate ratio of the diameters 1173 to 1. 
5 | DE vibrated 


3 
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ſbrated double the ſpace with the ſame loſs of 
otion, if oſcillations were 518, conſequently the 

umoſt limit for pendulums of this length, with 
e above conditions, muſt be about 4 inches; or 


ches. 

But in the arcs above 4 inches from the perpen- 
cular, the difference of the vibrations vary 
weh, and more in proportion to the length of 
e arc; and when they are very long, the vibra- 
are in number r in the inverſe ratio of 
_ arcs. 

s our author had made his e on 
vg pendulums, I made ſome in the ſame man- 
ron our common length, in order to ſee how it 
reed with his, when Sond by proportion from 
| doctrine of ſimilar triangles, in (118) which is 


that of their ſquares, 
After various trials, I ſuſpended A e of 
92, with a ball of 110 oz: Troy, I found that 


no ſeconds,' Hence it is plain, if we are to 
je time meaſured by the latter, the advantage 


the numbers 480 to 1120, or 6 to 143 34505 

4 wire of this pendulum was + of an inch 
meter. I tried the ſame with a wire of near r 
n inch diameter, and after ſeveral trials, I always 


aly, I proſecuted the trials down to æ inch from 
perpendicular, which only makes one inch 
one vibration; from one inch to 1.2 tenths, 1 
und the oſcillations the ſame, and not to be per- 
red to vary in the number of vibrations _ 

dhe 


4 


is may be called the iſochronic arc of 126 


be in the ſimple ratio of their lengths, and not 


r ſecond inch was loſt in go minutes, or 340 
konds, and the firſt 2 of the ſame i in 8 minutes, 
480 ſeconds, and the laſt in 184 minutes, or 


t would be to the former. in the inverſe ratio 


und the reſiſtances. come out Inverſely as 1 to 2 
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the lengths of the arcs differ. From what goes before 
in the pendulum of 126 inches, when it vibrated 
2 inches from the perpendicular, its vibrations 
did not vary in number; therefore, as 39.2: 1.2 
: 126: 4 nearly, which ſhews the uniformity off 
the law which they hold. | 
188. For the eaſe of thoſe who may attempt theſe 
experiments, I will lay before them my method offi 
finding the number of oſcillations ; the difficulty 
hes in knowing when the pendulum leaves the 
, diviſion of the meaſure. Through each diviſion 1 
__ drilled ſmall holes, and put tops of ſtripped fea- 
thers in them, one higher than another, fo that 
when the pendulum rod touches them the. leaſt 
poſſible, they will yield, and, by their conical 
form, will not have the leaſt tremulous motion M 
alſo, they have an advantage over all metal ſpring 
of the ſame form, as not being ſo ſubject to an 
variation by heat, ke. 3 8 
There is alſo great difficulty in giving the pen 
dulum motion, in hitting the plane of the poin 
of ſuſpenſion; but in theſe ſhort pendulums 
fixed a piece of a watch main- ſpring to the wire of 
the pendulum at any point, and by blowing 
againſt the ſpring. with a blow- pipe, I put the 
pendulum in motion; alſo by the equality of the 
quantity of the wind, I found the reſiſtance near! 
without the rule; for when the pendulum had jul 
ceaſed to touch the feather of the firſt motion, W 
counted the oſcillations till it came to the laſt o 
its motion; and the rule being moved paralleſ 
forward, brought up the loweſt feather for the 
pendulum to touch, &. as before in its firſt mo 
tion ; now when it had quite left the feather of it 
laſt motion, I began with my pipe, and countec 
the blaſts, till it touched the feather of its fir 
motion: I always found the blaſts proportions , 
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the oſcillations in the laſt motion. And alſo, 
from a continuance of the ſame experiments, I 
came at. the maintaining force of pendulums, con- 
fidered from the ſimple ratio of the weights or 
diameters for arcs proportional to 1.2 of the ſtan- 
dard, or 4 inches for 126 inches in length of the 
pendulum. And from theſe experiments I found 
a confirmation of ſeyeral ſuppoſitions, thought as 
ſelf evident truths to our author and his qualified 
readers, ; that when the pipe was at different 
heights. from the ſurface or ſpring, I found a 
reſiſtance in proportion to that diſtance, ſuperior 
to the mean reſiſtance, which proved the thoughts 
of our author, upon the motion given to the me- 


dum increaſing and retarding the moving body 


in the lame. 

After making deductions for the medium, I 
applied weights upon the end of the ſame ſpring, 
and compared the ſpaces moved through, with 
thoſe given by the pipe, by which means, and our 
author's propoſitions, and the general ſcholium; 
| came. at the maintaining force of pendulums, 
which is about ze of their weight far ſhort 
arcs, or. 128 part of a grain to a ball of 110 oz, 
Troy, which I have uſed as a ſtandard all through 
this work. But I have allowed rather too much 
for the increment of the reſiſtance of 1.2 inches, as 
à pendulum moving in that ſpace will move near 


24 hours without much Joſs of ſpace. My reaſon for 


this allowance was, that I might have the force for 
the utmoſt limits of error, which is near two 


Inches; ſo that the real force for that weight and 


arc, is about..o64 parts of a grain, conſidered in 
the ſimple ratio of their weights; but if from the 
{quares of their diameters, as proved in this ſcho- 
hum, then the different forces will be as the ſquares 
of their mean diameter: and therefore any exam- 
er n ples 
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ples laid down in this work may be varied in like 
proportion; though for ſhort arcs of vibration the 
forces may be in the ratio of the diameters of the 
weights. 6 5 | 

189. All philofophers, and our firſt mechanics in 
this branch, are of opinion with our author in the 
ſecond Cor. to Prop. 27. viz. that very ſhort arcs 
of vibration are performed in equal times, and 
therefore have ſuppoſed: time-keepers the beſt that 
are made fo, and which ſeems to be confirmed by 
the experiments I have made to ſhew the ſame. 
But, with Mr. Cumming, it may be ſaid, that 
equally great men have adopted the contrary opi- W 
nion and mode of execution; and therefore, as 
having conſidered the matter properly, and have 
ſound reaſons for their principles, it is abſolutely 
neceſſary to conſider the oppoſite opinion and 


_ reaſons, that this important point in mechanics 


may be determined. | 
As in all other bodies the momenta of pendu- 


lums are their quantity of motion, which is com- 


pounded of the quantity of matter, ſpace, and 
time, in one vibration; now, it is evident, that 
as a given matter, ſpace and time are the momen- 
tum of one ſecond, ſo is twice the ſame quantities 
the momentum of two ſeconds, &c. to an hour, and 
from an hour to a day, and from a day to a year, 
that is, the ſum total of all the momenta are equal 


to all its parts, which is a common axiom. 


Now, it is plain, that if any cauſe have an 
effect over one quantity of motion, it will have 
leſs over two, &c. therefore any effect that can 
be made on a ſhort pendulum's vibration, will be 
leſs in a long one, and as much leſs as the motion 
of the long one is greater than the motion of the 
ſnort one, or the effects will be reciprocal of their 
quantities of motion. Therefore, if we —_— 


Y 
— 
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the arcs of vibration determined or given N pro- 

rtion to the lengths, the momenta of different 
pendulums will be as their weights and lengths 
conjointly. - _ 

By the ſame reaſoning, if the lengths he given, 
their momenta will be as the arcs of vibration, 
and therefore the efficient cauſes will have leſs 
effect over one with a long arc of vibration, than 
over that with a ſhort one. | 
190. Hence then we arrive at the advantage of long 
or ſhort arcs of vibrations; for it will be inverſe 
of the effects produced in each, and the limits of 
error conjointly, But by our author's experi- 
ments, &c. the limits are inverſe of the number 
of vibrations in coming to the arc, or inverſe of 
the number in a ſhort arc to thoſe in a long one; 
therefore the limits are as the effects produced, 
and conſequently for great limits we have great 
elfects, and the reverſe : therefore it ſeems a mat- 
ter of great indifference what length of an arc we 
uſe, ſince the limits of error are proportional to 
the effects produced. The cauſe of the great dif- 
ference of opinion among mechanics in this point, 


has been owing to their not conſidering the limits 


and effects poſſible to be produced in them, and 
dur author not determining the matter ſufficiently, 
rom its being ſufficiently clear to him. 


But from the illuſtrations, &c. and experi- 


nents given in this part of the work, I apprehend 
tie diſpute is ended; and that, if there be any 
lperior limit, it muſt be in that about 1 inch 
from the perpendicular; though there may be 
djeftions made to this length, from other cauſes 
that have not been conſidered in this. work, nor 
ave been noticed by any one hitherto that I 


know of; as it belongs to experiments, I leave it 


o thoſe who are diſpoſed to try it, which 1s that 
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in a ſhort arc, with a heavy ball and ſmall rod, x 
vibratory motion will in time be given to the rod, 
contrary to that of the ball, which cannot be ex- 
pected in one with great velocity, or large arc of 
vibration. „ =: 


x > 
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Their Uſe in the Principles of the Szcron; 
1 and CALLIPER DRAWING, ” 


191. LROM definitions, poſtulata and axi- 
DE: oms, we arrive at theorems, or general 
ropoſitions; and from theſe propoſitions we have 
a reſource for invention, how to conſtruct geome*i 
trical problems, which is the concluſion of all 
geometry; hence then it muſt follow, that 
muſt add a few, which ſhall be thoſe only that 
come of uſe. be? T1 | | 
From the greater (AB fig. 85.) of two unequal 
right lines, (AB, CD,) to cut off, or take awa% 
à part (AE) equal to the leſſer (CD). = 
From A, as a centre with a radius, equal t 
(CD) let the circumference of a circle be at 
ſcribed, cutting AB in E, and the thing is done. 
192. At a given point (A, fig. 86.) to make 
line (AB) equal to a given line (CD). : 
Draw the indefinite line AF, from which tak| 
away AB, by the laſt problem, equal to CD, ana 
the thing is done. * GO » 7. 5208 
193. At a given point (A, fig. 87.) in an inn 
gite right line (PQ), to erect a perpendicular. 


Fro | 
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From any point D, above the line PQ, as a 


centre, through the given point A; let the cir- 
eumference of a circle be deſcribed interſecting 
= PQ in E, draw the diameter, and alſo BA; then 
= thcangle EAB being in the ſemi-circle, EAB is 
EF a right angle (109) which was to be done. 
194. From a given point (A, fig. 88.) upon 
an infinite right line (PQ). to let fall a perpendi- 
cular (AB). ! | 
From. the given. point A, as a centre, let an 
arch of a circle be deſcribed, ſo as to paſs below 
, and interſect it in M and N, from which 
WE pints, with any equal radius greater than half 
MN, let two other arches be alſo deſcribed, and 
from the point of interſection C, let the right 
ine CBA be drawn, which will be perpendicular 
to PQ; for let AM, AN, CM, and CN, be 
drawn; then AM being equal to AN, and MC 
equal to NC, alſo the angle AMB being equal to 
ANB, and CMB equal to CNB; and conſequent- 


AMC muſt be equal to ANC, whence (as AM. 


WE is equal to AN, and MC equal to NC) the tri- 
angles AMC, ANC, are equal in all reſpects, 
4 nl ſo the angle MAB being equal to NAB, the 
WW angle MBA is likewiſe equal to NBA. There- 
fore AB is perpendicular to PQ, from Def. 5. 
196. To biſect, or divide into two equal parts, 
any given right lined angle (PAQ, fig. 89.) 
In the lines containing the given angle, take 
FAC equal AD, and upon the centre C, and with 
any equal radius let two circles be deſcribed, ſo 
as to interſect each other, and from the point of 
interſection E, draw EA, and the thing is done, 
For let CD, CE, and DE, be drawn, the tri- 
angles AED, and ECD, being both iſoſceles, the 
angle ACD will be equal to ADC, and ECD 
equal to EDC, and conſequently the whole angle 
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328 Or THE SECTOR, any 
ACE equal to the whole angle ADE; whenes 
(AC being equal to AD, and EC equal to ED) 
the angle CAE is alſo equal to the angle DAE, © 

196. To biſect a given right line (AB, fig. 90.) 


From the extremes A, B, af the given line, with Ml 


equal radius's deſcribe two circles, fo as to cut 
each other, and between the two points of inter- 
ſection draw CD, cutting AB in E, and the thing W 
1s done. Pp. | 73 
For if AC, AD, BC, and BD, be drawn, the 
triangles ACB, ADB, being iſoſceles, thence is 
the angle CAB equal to CBA, and DAB equal 
to DBA, and conſequently CAD equal to CBD; 
whence the triangles ACD, and BCD, are equal 
in all reſpe&s, and ſo the angle ACE being 
equal to BCE, AC is equal to BC, and CE 
common; thence is AE alſo equal to BE. 
Cor. Hence it is manifeſt, that CD not only 
biſects AB, but is alſo perpendicular to it. 
5 197. Through a given point (A, fig. 91.) ta 
draw a right line (RS) parallel to a given right 
_ "7 
From A, to any point in PQ, draw AB, and 
make the angle SAB, equal to PBA, and then 
AS will be parallel to PQ. i 
198. To two given lines (AB, BC, fig. 93.) 
to find a third proportional. 5 
From any point A, draw two indefinite lines 
A, AQ, in which take Ab, equal to AB, Ac 
equal to BC, and bD equal to BC; draw be, and 
parallel to be, draw DE, cutting AQ in E; 
plas CcE will be the third proportional required. 
For Ab, AB: Ac, BC :: bD, BBC: <> 
199. To three given lines (AB, AC, BD, 
fig. 93.) to find a fourth proportional. : 


_ Having drawn AP and AQ, as in the pre- 
veding problem, take therein Ab equal to Yo 


ce 


1 


ö 4 
o « 


hexagon (ABCDEF, lg. 94.) 
| a 


3 and truths, and inſtead of the falſity places — 
: | | 1 truth 


Ac equal to AC, and bD equal to BD; draw be, 


and parallel to it draw DE, interſecting AQ in 

E, then is cE the fourth proportional required. 

For Ab,=aB : Ac, AC :: bD,=BD : cE. 
200. In a circle given, to inſcribe a regular 


From the extremes of any diameter AD, apply 
AB, AF, DC, and DE, each equal to the radius 
AO, then join BC, and EF, and the thing is 


3 done; for if the radii OB, OC, OE, and OF, 


be drawn, the triangles AOB, and DOC, being 


- £quilateral, will alſo have the angle OAB equal 


to DOC, where AB is parallel (as well as equal) 


to OC, and conſequently BC, and AC, are like- 


wiſe equal and parallel; therefore, ſeeing the tri- 
angles AOB, BOC, COD, &c. are equilateral 


and alike in all reſpects, not only the ſides, but 


alſo the angles ABC, BCD, &c. of the hexagon 
will be equal among themſelves, 

Cor. Hence it appears, that the fide of a re- 
gular hexagon inſcribed in a circle, is equal to the 
radius or ſemi- diameter. . | 

From theſe problems, the learner may obſerve 
the uſe of the propoſitions aforegoing; for each 
depends upon a foreknowledge of ſome propoſi- 
tion as known, which gives the conſtructor an 
idea of the lines to be drawn; and as this is the 
caſe, the learner ought to have no quotations of 
foregoing propoſitions, axioms, &c. but find the 


.reaſon himſelf why ſuch lines ſhould. be drawn, 
Kc. and each problem ſhould be demonſtrated by 


the lines without the reading. But I have given 
one or two quotations to giye a hint of the me- 


thod. It is an inſeparable beauty of geometry, 
that it admits an impoſſibility to be true, till ir 


eyerthrows the falſity by its infallible connections 
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truth as a rule to the propoſition. Hence we 


may reaſon with crooked lines for ſtraight oblique 
angles for right, or the reverſe, or parts of a line 
for the whole, &c. ſo they be expreſſed right in 
the propoſition 5 
201. Though not to order, I ſhall obſerve the 
uſe of the laſt problem in (200) firſt, as being 
molt proper to the underſtanding the uſe of the 


ſector clearly. What has been obſeryed in (113) | 


is proved here, that every circumference is a mul- 
tiple of its diameter, and whether they be com- 
menſurable or not, ſtill as diameter is to diameter, 
ſo is circumference to circumference, in two dif- 
ferent circles, or the reverſe ; ſo that if any three 


be known, the fourth is known by the uſe of the 


rule of three, or without the rule; as the diame- 
ters -are given in propertion, if you aſſume the 
circumference of one, in parts you will have the 
other by multiplication only, as has been clearly 
ſhewn in ſeveral parts aforegoing. | 
From the problem and its Cor. we come at the 
length of the circumference of every circle nearly, 


for the ſide of the hexagon of every circle is equal 


to half the diemeter, and two myſt be equal to 


the whole; and conſequently 3x2, or 6, which 


is equal to all the ſides of the hexagon, muſt be 
equal to 3 diameters; therefore, if the circum- 


ference was equal to the ſides of the hexagon, its 


exact length would be known; but it is found by 
geometers, that the circumference 1s greater than 


the ſides, by a ſmall additional part, and how 


much more is not known yet; though carried to 
100 places of decimals by Mr. Machin, common 
mechanics uſe the proportion of 7 to 22; others 
uſe Mr. Machin's more accurate proportion of 1 
to 2. 1415, &c. and which is undoubtedly the 
beſt, when exactneſs is required in mathematical 


calcula- 
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calculations; but I will only uſe that of 1 to 3, 
and leave the one tenth, &c. parts, for thoſe only 
who have a mind to find fault with imaginary 
niceties. | 2 N 
202. Then, as every circumference is 3 times 
its diameter, or the reverſe, we have a method 
how to find the ſize of each tooth or pinion; after 
we have aſſumed our teeth, to ſee whether they are 
too big or too little, as if I had a wheel in which 
J intended to have 30 teeth, I can have no idea of 


their ſize, till their diameters are expreſſed in 


length; thus let AB (fig. 95.) be the wheel, 
as I intend to have in the circumference go 
ſpaces, and the diameter ACB is + of the 
ſame, conſequently it will contain + of 30, of 10 
parts, and half of it, or CB, muſt have 5 of the 
fame parts in it; hence then, divide CB into 5 
parts, and you have the quantity of your tooth, 
or rather its ſize; which, when done, if found too 
big or too little for your purpoſe, then you may 
aſſume again, or rather, as your wheel is given, 
divide the diameter or its half into the ſize of the 
teeth you chuſe to have, and then multiply the 
number of divifions in the diameter by 3, you will 

have the teeth in the circumference. 
From this ſimple principle, we arrive at the 
true diameters of wheels and pinions, and alſo the 
uſe of the ſector in watch- work. Every wheel 
that is moved by teeth and ſpaces, is moved on 
the principle of having the ſpace and tooth equal; 
for as the points or ends of the teeth are equal, 
they ought to have the ſame ſpaces or parts to 
work in; but when a wheel is to drive a pinion, 
and perhaps in the ratio of 10, 12, or 15, &c. to 
1, then the moving angle of the driven tooth be- 
comes greater, and in ſuch caſes the ſpace in the 
driver is left wider than the tooth; yet the pou 
| ciple 
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12, from real meaſuring of its diameter; now, as 


ciple between them remains the ſame, for what is 
loſt by the moving angle of one, is gained by that 

of the other; and the ſum of both, when taken 
together, is the ſame as if they moved with equal 


ſpaces. Hence then, we may make our calcula- 
tions in finding the diameters of wheels and pi- 
nions, with the ſpace and tooth equal. 

203. Therefore, to reſume the former illuſtra- 


tion of a wheel with 3o teeth, as I want to find 


the ſize of the tooth only, I muſt ſuppoſe the 


ace. and tooth equal, then the circumference 


will be in 60 ſpaces, 2 of which is 20, and the 


half, or CB, will be 10, or, which is the ſame, 
one of the other being divided by 2, gives the ſize 


of the tooth, ſo that we have an univerſal rule for 


to find the real breadth of the teeth of a wheel, 


viz. multiply the number of teeth propoſed by 2, 


and divide the product by 3, gives the geometri- 
cal diameter of the wheel, which being divided 


by the number given, gives the real ſize of each 


204. Now, to apply this to the finding the dia- 
meters, &c. ſuppoſe a given ſpace to be divided, fo 
that it ſhall contain a wheel and pinion in the ratio of 
12 to 1; let AB, fig. 96. be the diſtance of their 
centres, which muſt be divided into 13, becauſe it is 
to contain 12 ſemi-diameters of the pinion in half 
the wheel, and one of the pinion beſides, to act in 
the wheel. This is upon the ſuppoſition of their 
moving edge to edge without teeth; now we want 


to find the teeth of each, the ſemi-diameter of the 
_ Pinion is given between the points of the dividers, 


and in conſequence may be divided into as many 
parts as the conſtructor pleaſes, which we will 
ſuppoſe 8, by what goes before 2X8 is 24, the 
half of which is 12, ſo that the pinion is aſſumed 


the 
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the wheel is 12 times the pinion, from what has 


been delivered in ſeveral parts of this work, the 
wheel muſt-have 12X12, or 144 teeth in it. 
The number and breadth of the teeth being 


known, we want the tops to be put on, that they 


may appear in form of a working lever, 
205. For the eaſe of the learner, I will ſuppoſe 


the tops, or acting part of the tooth, to be ſemi- 
circular, then if any wheel, &c. be given, and 
has the breadth of each tooth at the bottom of its 
acting part given too, the top may be found by 


deſcribing a ſemi- circle upon them, as in fig. 97. 


but the ſemi- circle increaſeth the diameter one 


half of the tooth on one ſide, and in conſequence 
muſt do the ſame on the other; therefore the two 
halves together make a whole tooth, and muſt 
increaſe the geometrical diameter already found 
one ſpace; therefore, if 1 be added to the geo- 
metrical diameters of wheels and pinions, it gives 
the acting one, or real ſize of each; and as the 


diviſions are known at the time of drawing, you 
may find the acting diameter, by increaſing the 


geometrical one half a tooth on each ſide. 


Hence then, from what is delivered, may be 


found the acting ſize of wheels and pinions, by 
dividers only, and ſtrictly true too; which at the 
ſame time demonſtrates its reaſons; for ſuppoſing 
that our common ſector uſers did uſe that inſtru- 


ment right, it is abſolutely neceſſary to firſt draw 


their plans geometrically, that their ſizes, when 
found true to each other, may have a poſſibility 


to work in the given ſpace. So that I am ſure he 


that does not draw his plans geometrically at firſt, 
does little lefs chan grope in the dark for a lighted 


candle, 
206, Hence alſo we may find the reaſon of the 


clockmakers methode in finding the ſize df pi- 
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nions by teeth and Opens; for every pinion that is 
wanted, is ſuppoſed. to work in the given wheel, 
and its number of teeth are always -given, and in 
conſequence, by what goes before in (205.) its 
ſpaces too, and alſo its geometrical diameter, to 
which, if one be added, the ſum gives the acting 
fize of the pinion z or we have this univerſal rule, 
viz. double the given number of teeth in the pro- 
poſed pinion, and divide the product by 3, to 
which add 1, gives the number of ſpaces of the 


given wheel, that will be in the diameter of the 


pinion required. Examples; for a pinion of 6, 
firſt, 2X6 is 12, is 4, to which add 1, makes 


ß for the expreſſion of the ſpaces, or 3 teeth and 


2 opens, or 22 teeth, when the teeth are ſpoke of 
from tooth and ſpace included, for a pinion of 7, 
2X7. is 14, and F is 42, to which put 1, it 
makes 62, or three teeth very near; for a pinion 
of 8 it will be 2 & 8216, 1 23, and 83 ＋ 1 
„ => 20 ABJg== ts. 990. : 
6+, for a pinion of 9g. 3 =, with the 1, makes 
7, or 4 teeth and. 3: ſpaces, a pinion of 10, will 
be 74, and ſo of all theſe following, which I leave 


77. 


for the learner to practiſe on. 

LI: MS. .:;--: ; 7 
3 — 3 3 ſpaces, or 15 teeth 
b . 

8 1 „ 
e, HARE. 27 + 5 
1 LS 2 
1 3x + > 
. 3x + * 
11 — 21 4 
SS Qi 45 3 58 
13 — 91 and ſo on ad infinitum. 
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Though the foregoing is a rule that may be 
carried on for all pinions with a ſeeming proba- 
bility of being right, yet it is not juſt in all ſorts, 
for as the pinions arrive at a ratio of equality with 
the wheels, then the rule becomes falſe; ſuppoſe 
the pinion be to the wheel as 6: 1, then its dia- 
meter will come out by meaſuring the wheel as 
above taught, equal to the chord of + part of the 
circumference, which, by the problem i In 200, is 
the chord of the teeth which is meaſured over, 
and therefore never can give the true meaſure of 
that part of the circumference which ſhall be 
equal to that of the pinion; and if the ratio ſhould 
deſcend to 3: 1, or 2: 1, it is ſtill worſe, and 1 in 
theſe laſt ſorts it ought not to be uſed. - 

Note, That the additional parts may be more 
generally expreſſed, it will be beſt to call them 
by the word addenda, and for the future I ſhall 
call them ſo. Hence alſo we may find, that, 


though wheels and pinions are ſaid to be in this 


or that proportion, from the teeth in their cir- 
cumferences, yet their diameters are not ſo, which 
is cauſed from the addenda made to each dia- 
meter; for all geometrical proportions are not ſo 
after an equal addition is made to the antecedent 


and conſequent. 


And in conſequence, if the acting diameters be 


applied to a ſector, there can be no judging of 


their ſizes from it, unleſs we have a proviſion 


made for the addenda- of each to be deducted. 
207. Now we are naturally came to treat upon 
the ſector; and from what has been delivered on 
the doctrine of ſimilar triangles, and on the above 
in the addenda, &c. we can't mils but come at 


the beſt form poſſible. 
The common form of a ſector for our uſe, is 


57 which. is called ſo in det. 25. in (99) _ 
alſo 
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alſo the ſame laid down by Doctor Gunter; but 


why that ſhould be choſe rather than one better 


adapted, I can't tell, ſince we want them for one 


uſe only: it is plain that any form will do for us, 
by which we can find a fourth proportional to 3 


given quantities; and as two ſimilar triangles may 


be formed in any number of forms, in conſequence 
we may have as many different ſorts of ſectors; 
all that can be alledged for thoſe” with equal legs 


is mere fancy, as what is done by two legs may 


better be done by one. 
The common conſtruction of ſectors, by thoſe 
who pretend to know any thing of the theory of 


them, is, as is ſaid above, with a line of equal 


diviſions, or parts on each leg, and when it is 
uſed, the wheel and pinion are applied to their 
reſpective diviſions on each, then the legs and the 
wheel, and its pinion, form two ſimilar iſoſceles 


angles muſt be proportional; and i 


triangles; hence the ſides m—_— -the equal 


the pinion 


happens not to come to their fixed mark, then it 
| muſt be pronounced good for nothing, whether 


it be of a right ſize or not. 
Some who are taught from experience, that the 


line of equal parts don't give the true ſize, fix 
their pinion one diviſion above what the ſector 


gives, and thence pronounce them right by a 


mere ipſe dixit, my father or maſter ſays it is 


right, ſo I follow him. 


Thus, to make the matter plain, let ABC (fig. 


98.) be a ſector with equal diviſions, where AC 


may repreſent the wheel, and DE the pinion at 


their reſpective diviſions; then as BC is to CA, 


ſo is BD to DE, becauſe the triangles are ſup- 


poſed ſimilar. Let BC be 48, and BD 12, then 


as 48 on the ſector is to its wheel AC, fo is BD 
12 to its pinion, which if they be, in geometrical 


proportion 
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troportion they will conie up to their reſpectiye 
dvifions 3 but as 1 have ſhewn 1n (206, P, that S 


Alſo, let us examine into the common and beſt 


mendment hitherto delivered to the workmen, 
Wiz. of putting the pinion higher up, by one divi- 
bn, for its real ſize; it muſt be ſuppoſed, that 
ben the pinion is put to its diviſion, that then 
Ile two diameters are in geometric proportion to 
W heir reſpeRive diviſions on the legs, but we ſhall. 
Wind them otherwiſe; for, let us take a main 
WY vhcel of 48, and its pinion of 12, in their actin 
le as commonly fixed, from the method which 
ure laid down in finding the two diameters. of 
Yricels, &c. in (204. 205.) we have for the main 
Jvicel's diameter 48 & 2 296, and LF =32, to 
mich add one, makes 33 for the parts of the 
weel to be put in the ſector; and likewiſe thoſe 
Wi the pinion will be found 9; now, as 48 on the 
Jecor is to 33 the parts of the wheel, fo is 13 on 
te ſector to the parts of the pinion, which muſt 


nd there thus, as 48: 33: : 13: 8. 7, &c. fo 


lat inftead of 9, we have 8. 7, &c. parts, which 
tews that the method is erroneous if it be tried 


oh any other ſet of numbers, the rule will be 
und to be equally falſe; as this is the caſe with 
er common conſtruction, &c. of ſectors, I will 
n down a new form and method of uſing it. 


208. The beſt form that offers to me is from 


Wie problems in (198, 199.) which is the right 
Ivy of finding a 3d and 4th proportional geome- 
Wincally, and in conſequence . muſt be the beſt to 
Wind the ſame in a ſector; ſo that I will chuſe the 
Wane form nearly; thus let AB (fig. 99.) be one 


ke, and AC the other; the lines BC and DE 

tould be perpendicular to AB, and upon them 

ines of equal parts, which may correſpond with 
WA . 


thoſe 


the lines BC and DE, be made to move along . 


when the diameters of the wheel and pinions are 


on the leg AB, then the diameters are in propor- 7 


mainders not in proportion, then the ſizes are 
wrong, and will be eaſily ſeen in the pinion how 


cutter ta any wheel, which may be done cither 
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thoſe in general found in the diameters of wheel 
of a common ſize, and upon the line AB another 
line of equal parts; now if pieces repreſented by 


AB, ſo that they may be fixed to any diviſion on 


it, then we have a method how to determine 


the geometrical and acting diameters at once; for 


taken off on their reſpe&ive pieces BC and DE, 
and the pieces are moved to the diviſions on AB, 
expreſſed by the ratio of the wheel and pinion, if. 
the other leg be brought down, till it cuts the 
diameters in E and C, and if it cuts off an equal 
quantity, or one part from each, and leaves the 
remainders in proportion with the other diviſions Ml 


tion, and in conſequence of a good ſize, if by 
cutting off the addenda, the legs leave the re- 


much. e * | 95 
For the ſake of doing it minutely, there might 
be a couple of ſnail pieces upon the pieces BC 
and DE, which might expreſs the quantity of the W 
addenda to both wheel and pinion; but this 1 
leave to the curious, having ſaid enough upon 
the matter. 80 65 ; 
The different uſes of a ſector, thus conſtructed, 
would be many in our buſineſs, and at the ſame 


time very eaſy; for the addenda to any wheel 


might be found upon the pieces BC or DE, or 
found by working it, as is evident from its con- 
ſtruction. It would be of great uſe and eaſe to 
every movement-maker. or motioner, and even to 
2. wheel · cutter, for to determine the thickneſs of 
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opon the piece BC, or by working it, and then 
found upon DE, &c. fe RT 
I muſt admit, that a ſector of this conſtruction 
will have ſome expence attending. the making, 


dor is it to be attempted by every pretender to 


its knowledge; though I wiſh from my heart it 
may be well underſtood by all who are deſirous of 
coming at real knowledge; and to thoſe who may 
hot be able to underſtand it, from this deſcrip- 
tion, may apply to the author, who will explain 
the principles to the meaneſt capacity ; but ſee 
more in the examples (210.) 

209. As to any farther uſes of the problems in 
(200.) is moſtly, that any wheel that is to be 
croſſed by boys, &c. may make more haſte by 
being made to remember, that the 6th part of a 


circle is equal to the radious, or the diſtance be- 
tween the point of their compaſſes is the diviſion 


of the circle into 6 parts, and conſequently double 
that divides the ſame into 3 parts; though the 
learner may find this to miſs in practice, he muſt 
not blame or call in queſtion the truth of the 
problem, but believe that he is wrong in execu- 
tion, for a truth once demonſtrated in geometry, 
admits of no exception from it; therefore all 
muſt ſubmit to its truths. e 
210. I will now add ſome examples to ſhew the 


uſe of the ſector in (208.) but firſt we muſt fix 
upon ſome length for its meaſure. . As I have 


ſhewn the advantage of having one meaſure and 
weight, &c. I will fix upon the meaſure laid 
down and propoſed in (Ex. 18.) any part of 
which may be taken to the choice of the work- 
man; if we take + of our pendulum, then we 


ſhall have a length of 19.6 inches, and if 4, then 


the length will be 13.06, &c. but as 19.6 will be 
a very handy length, T will chuſe it as the beſt, 


d. Log 
* 


Py 


wo los aus skeron, ans 


which multiply by 10 for tenths of inches, and hy 
5 for reaſons given in (Ex. 3 to 18.) we have 980 
diviſions to be put upon the legs, which ſhould 
be put on in 3 lines, one for the inches, one for 
their ſubdiviſions by 1o, and the other for the fives 


in each roth. | 


The perpendicular pieces BC and DE, may be 


about 1 and æ inch each, and the diviſions put on 
in proportion to thoſe on the leg AB. As the 
greateſt addenda that ever is uſed in watch · work. 


is about + of re, or d of an inch, conſequently, 


if we take 2 of the above parts, or the loweſt ſub- 
diviſion on the ſector, we ſhall have ſufficient for 
the greateſt ever uſed, ſo. that + of v of an inch 
will be our greateſt addenda—when reduced is 4 ; 
but when they are-uſed, their quantity will be beſt 


underſtood on the ſubdiviſions of the pieces ow We 


BC or DE. £ 
But now we muſt contrive any intermediate ad- 
denda, or the leaſt that ſhall be wanted from this, 
or even greater than it if required. This is beau- 
tifully done by ſnail pieces, as hinted at in (208.) 
a contrivance entirely my own, though I have 
heard of ſuch a matter being done in town here, 
by a reverend gentleman, whoſe name I don't even 
remember. My demonſtration of the matter is 
as follows: If a line be drawn of 3 inches long, 
it will claſp round a circle of 1 inch diameter, 
which is the geometrical diameter of the greateſt 
uſed addenda, and at one end let a perpendicular 
be raiſed equal to the greateſt addenda, if from 
the extreme: of the addenda, to that of the end of 
the other line of 3 inches, a line be drawn, it will 
be the circumference of the ſnail piece. ABC, 
(fig. 100.) will repreſent ſuch a figure, where BC 
will be the greateſt addenda, and Da, Eb, Ee, 
Gd, and He, ſubdiviſions of the ſame, viz. hy 
TA Will. 
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will be + of BC, Eb +: Fe r: Gd vr, and He r, 
and fo on for other diviſions, fo that the line AC 
will expreſs all'the addenda, from BE to any part 
of the fame ; therefore, if its length round! a eit- 
cle be ſq divided, it will give us the fame parts. 
Hence we arrive at the uſe of ſnail pieces in fec- 
cons. © fe . A 
I have added this farther explanation of the 
ſector in (208.) and which is more than I thought 
would have been needful; but, from the advice 
of ſome friends, &c. it is put in for the fake of 
thoſe who may not have heard or ſeen any thing of the 
matter. The conſtruction of the joints, and other 
executive parts, are laid down in the appendix. 

5 Ex. 1. If the length of a ſector, ſize of the 
nail pieces, &c. be as before laid down, what is 
the addenda to any other ſized wheel, or its pi- 
nion? Find the parts in the given wheels diame- 
ter, by (204, and 205.) which put into the fame 


number of equal parts on the leg of the ſector, :i 
and then move the lower ſnail piece on DE to ix 1.08 
on the ſector, and When it is fixed, move round —_ | 


the ſnail till it fills the fpace DE, and it will give 
the addendaga tn Yon 
Thus let the common fized main wheel of a 
watch be propoſed, its diameter is 33, which put 
in the ſector at 16% inches as the moſt convenient 1:8 
place; now move DE and its ſnail to ? inch, and 4108 
bring round the "ſnail till it touches the leg AC, 4108 
you have the addenda,' which will be ſeen on the Ss 
inail what part it is of the ſtandard. If the incli- + 
nation of the ſnail does not equal the ſpace | 
then you may work for half, and then find the 
whole by doubling the part found, or work thro? 
with half, though this is a caſe that ſhould be out 
of the conſtruction of your ſector, as the ſnail 
thould determine the greateſt limit of the addenda. 
| 2 3 Ex. 
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| Ex. 2. Let a wheel and its pinion be given, ic 
is required to determine their ſizes by the ſector, 
or to tell the ſize of eee By the laſt queſ- 
tion find the addenda of each; then fix both the 
ſnails on BC and DE to the ſame diviſion for the 
addenda, which being done, bring BC and DE 
to the diviſion upon AB, expreſſed by their ratio, 
and puſh up BC till it receives the given wheel, 
between the leg AB, and the extreme of the ſnail, 
now fixed for the addenda; then take off the 
wheel, and bring down the fide or leg AC to the 
geometrical diameter of the wheel ſnail, and puſh 
up that of DE, till the ſame diameter comes up 
to the fide AC, which will determine both ſizes 
at once, from (208;) &c. e 
Ex. 3. What is the ſizes of watch callipers, ad- 
mitting them to increaſe 2 ſpaces of the ſtan- 
dard, or £ of an inch in each ſize? This depends 
upon the firſt or laſt ſize determined as a ſtandard; 
but in the ſector I have ſuppoſed the laſt ſize of 
the main wheel ta be one inch or 10 parts, which 
contains 30 common breadths of main wheel 
teeth ; and as every plate contains twice the main 
wheel and 2, conſequently the part in the ſtandard 
plate will be 125, which brought to inches is 2.5 
or 22 inches, or in tenths 28. 7 bes 
Hence the ſtandard main wheel and plate are 
as 10: 26, from which all others may be found 


| 


by applying them to the ſector; put 10 to 25, 


Where it muſt ſtand, and then let the different 
diameters of the main wheel be put upon DE, 


and moved to their heights, gives the parts in 


each ſize ; thus, 9.5 gives 23.75, 9, 22.5, and 
ſo on for any other. a 


From theſe three queſtions or examples, we 


come at all the parts of a watch upon the ſector; 


for by the firſt and ſecond we can find the pra- 
| * portion 


pdrtion of each wheel and pinion, and by the third 


wheel, which opens the proportions of all the 


quantities that are incommenſurable be anſwered 
upon it. Mt « JET 792 


fuzee to the wheel, and put the fuzee to the 


be given in fize. Let the ratio be as 2: 1, then 
take 12 and 6, and at 12 put in the fuzee oppo- 
WY ratio be as 3: 2, then take 9 and 6, or 12 and 8, 
nnd fo on. . | 1 


Ex. 5. If a balance wheel be given, what is the 


WY breadth of the pallet of the verge? Double the 
number of teeth, and divide it by 3, gives the ra- 
tio of the wheel to the pallet; and as in the laſt, 

take any two numbers in the ratio for the ſizes ; 

let the wheel be 15, then the diameter will be ro, 

ſo the ratio of the wheel to the pallet is as 10: 13 
WY therefore take 1 and 10 on AB, or 2 and 20, or 
Zz and zo, any of which will give the breadth of 
the pallet; by a compariſon of theſe two queſtions; 

you may find the breadth of the pallet in propor- 

tion to the fuzee. And as the cylinder may be 
found in proportion to the verge (ſee 164.) con- 
ſequently the cylinder may be found by the ſame 

' proceſs in proportion to its wheel, or the main 
wheel and pillars, &c. And laſtly, as the abfo- 

lute ſize of balance is found from the pallet, 

492 Ss - hence 
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we find the proportion of the plates to the main 


others to the ſame ; and, in ſhort, all the queſtions ' 
that have been propoſed under proportion, may 
be anſwered by this inſtrument; and if a ſimple 
apparatus, which is commonly known, was put 
upon the leg AC, which is to ſpare, then might 


Ex. 4. What is the ſize of a balance wheel to a 
given fuzee, when the ratio is given? Fix upon 
any two numbers on the leg AB in the ratio of the 


greater of them, and at the other the wheel will 


ſite, 6 will be given the ſize of the wheel; if the 
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hence may the ſize of balances be found by the 
ſector, but they will he beſt found by figures, aa 
Ex. 6. What are the ſizes of pillars? When the 
ratio of the powers of the ſpring are given, find 
n 3 3 
Proportion 0 che powers firſt, which gives the 
altitude of the fuzee, to which add the — E. 
Spaces for che plan, gives the height of the pillars 


From (420-) and the tbeorem to (218.) it 1s 
plain, that the pillars are a mean proportional be- 
teen twice the ſize of the pillar plate, and the 
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ttom. diameters of the fuzee, in 


or the ſtandard on the ſector; and as all other 
pieces muſt be ſimilar, conſequently every diffe- 
Ent {126 map. be found upon the ſector; for as the 


711 Ex. 7. l che ſize of the pillar plate be given, 
and the height of the pillars, it is required to find 
the ſize of che upper plate? 


difference of the plates; from the ſame theorem, 
the difference. of the plates of the ſtandard is 2 Wi 
of an inch, from which all others might be found 
by working them; hut there needs no mare than 
to place the height of the pillars between the legs 
of the; acm and the arc deſcribed by the leg AC, 
us it opens from the extreme ſize. of the pillar 
ee, ,H&AmfmorveLrPaS; <5 236 
Thus the fize of each part is eaſily found from 
the ſectar, and not only the ſizes, but alſo the 
tion ef each wheel might be found too, and 
eſpecially the depths, for it is no more than 
placing the addenda at half their diſtances from 
he centres of each; and in proportion to the dia. 
meters of the ſnails, and that of the wheels and 
pinions, is the true diſtance or depth found, 
which: will come out at one diviſion from the 
2 80 i centre 


88 
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rentre of the ſector; but if the ends of the ſector 
paſſed the joint, and two pins with fine points 
were fixed on the other ſide at one diviſion from 
the centres, then might all depths, &c. be found 
by ſuch an inſtrument; but this would be beſt to 
be made by itſelf, and if done with accuracy, 
would be ſuperior to foreign productions for the 
ſame purpaſe, and it would require no mote accu- 
racy than what is ſpent upon theirs. But I intend 
to make both the above inſtruments upon the beſt 
plans poſſible for the uſe of the trade. 


— — — — — J — 
Of drawing CLOCK CALLIPERS. 
2 211. Now we are come to the moſt neceſſury 
part, viz... to; find the geometrical ſize of each 
wheel and: piman, according to their reſpective 
$A Proportions as delivered in calculation, and in che 
methods in (204, 5, 6, &c.) As I ſuppoſe the 
learner is maſter of the geometrical part, there 
needs no farther preface about che prineiples on 
£4 which it depends. As clock wheels are in common 
F caft, and the workman turns them to the ſize he 
3 likes beſt;;; we have little to deliver on the finding 
5 their reſpective diameters, but to find the real 
5 ſize of the pinions in the ratio of the wheel to 
. its pinion, is à matter that we ſhall find a difficult 
2 point; for the moſt approved tooth is the epicy- 
* cloid, with the ſpace larger than the tooth; then it 
z is evident, that after the geometrical diameter is 
found, we cant come at the acting one, till we 
have the abſciſſe, &c. of the eycloid; and if they 
were found geometrically, how difficult it muſt 
be to expreſs them in length, ſo that we may add 
them to the geometrical” diameter, and by that 
means come at the acting one. ee 
212. But if we ſuppoſe the ſpace and tooth 
equal, then the rounding off may be ſemicireular, 
and may be expreſſed in length more exact than 
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the abſciſſe, &c. of the cycloid, for it will always 
am Dy as will appear from (204, &c.) and 
_ conſequently may be added, &c. as we pleaſe; 
hence we have this propoſition. L 
213. To find the diameter of à pinion, having 
the diameter of che wheel, and the ratio of the 
wheel and pinion given, alſo let the tooth and 
ſpace be equal, and the number of the teeth bf 
he pinion be given too ß 
It is plain, that if che wheel and pinien- could 
move circumference againſt circumference, that 
the given ratio would give the diaineter of the pi- 
nion, as in the ratio 12: x, the diameter would 
be r part of the wheel; but inſtead of this, they 
are moved as two levers preſſing upon one ano- 
ther. Let the pinjon be given, ſuppoſe 8, then 
ix will contain 8 teeth and 8 ſpaces, which makes 
16 for the circumference 47 the pinion, from 
(202, 203, &c.) 4 of 16 will be 57 for the geo- 
metrical diameter of the pinion; and as the tooth 
is to be ſemicircular, conſequently, when its cir- 
cular part is added to botk ſides, the acting dia- 
meter will be found; but the ſemicircular part 
increaſeth the diameters g of the circumference, 
or + nearly of the geometrical diameter of the pt- 
nion, as is plain from -(204, 5, &c.) therefore 
the whole diameter will be 65-/parts, or 3 teeth 
and 3+ opens, in the clockmakers terms; now the 
wheel muſt have its circular part too, as well as 
the pinion; but the acting diameter of the wheel 
is given, therefore we have this eaſy rule to find 
the ſize of the pinion from the given wheel, viz. 
draw a line croſs the wheel for its diameter, and 
divide it into the parts expreſſed by the given 
ratio, always beginning your diviſion from the 
circular part to be deducted from the acting dia- 
meter. Example; Let the ratio be 12: 4 for the 
main wheel and centre pinion of a clock ; with 
1 your 
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your dividers divide your given diameter into 12 
parts, ſo that you may have your circular part at 
the extremity of your 12 diviſions, and the ſpace 
between the points of your dividers will be the 
ar diameter of your pinion; and let the 
ame ſpace be divided into 5 parte, and one of the 
ſaid parts be added to your. geometrical diameter, 
it will give you the real ſize of your. pinion; the 
part or parts to be added are called the addenda 
of the pinion, See fa M 
Cor. 1. Hence we have the true diſtance of the 
wheel from the pinion, or, as it is called, its 
depth; for the ſpace between your dividers, or 
the geometrical diameter, gives the diſtance, if 
the wheel could move without ſhake or error; for 
this inconvenience the acting diameter of the pi- 
nion now found muſt be placed at the geometri- 
cal one of the wheel, as is plain from (fig. 101.) 
Cor. 2. The method above delivered is for the 
uſe of every mechanic, who have no other help 
than dividers, and alſo to give a clear idea of the 
real uſe of the ſector in clock and watch- making; 
now, to do the ſame by the common ſector, as = 
required pinion is to have g ſpaces in it, and the 
given wheel will contain 12 times the 5 parts, 
therefore the wheel will be 55x42, or 64 parts, 
beſides the addenda, which makes the given dia- 
meter into 65 parts; now, as the 65 parts on one 
leg of the ſector, is to the parts of the contained 
wheel, ſo is 5+ parts of the leg to the geometri- 
cal diameter of the pinion, which * be * 
| | + Wor: 
one line for the addenda, as the 65: 656: : 1, to 
one part given in the ſector, to be added to the 
other part already found; here again you have 
both the geometrical and acting ſize of your pi- 
nion. Sce (292, 203, &c.) alk 
| or. 
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Cor. 3. Hence we ſee = miſtake of thoſe whi 
would judge of the fize of a pinion by applying 
r Cons 
plain from its conſtruction in the laſt quotations, 


therefore can never be applied to the acting dia- 


meters, becauſe they are not in geometrical pro- 
Portion; bur from the 2d Cor. and (20). we 
may gather the conſtruction of a common 'ſeQor 
to give us both diameters; for if lines be drawn 
on the innet edges, equal to the addehda of each 
part found ſeparately, we have both the geome- 
tical and acting diameters together. 


214. Having determined the ſize of the centre 


pinion by the taft' proceſs, you may in like man- 
ner determine the reſt; for the 3d pinion is found 
from the centre wheel in the ratio of 8: 1, fo that 
if the pinion be 8 as the laſt, then the geometrical 
diameter will have 54 parts in it as the laſt had; 
But when ydu come to divide the wheel, it muſt 
be divided into 9 parts, leaving the addenda at 


each extremity of the geometrical diameter; alſo 


if it de found by the ſector, the wheel will contain 
53 ö, or 4 12 0m and che proportion will be 


J. x . 


as S: 424 :: 55 to the diameter of the pinion, 


as before; in like manner is the addenda to be 
found, if the pinion of any ratio be 12, then the 
circumference will be 24, and its geometrical dia- 
meter 8, alſo the acting diameter will be 9 parts: 
each diameter of this may be as welt found by the 
_ dividers as the'ſeQor ; let the pinion of any ratio 
be 10, 75 the diameters will be 62, and 75 ; if 
a pinion be 9, the diameters will be 6 and 7, and 
iv of alt others; let the pimon be what you will, 
multiply the number given by 2, and divide the 

ꝑroduct by 3, the quotient gives the geometrical 
| SH 5 diameter, 
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dre free.; it is the ſame, I ay; for in allcks caſes 
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diameter, to which add one, you have the acting 
diameter; thus to find the diameters of a pinion, 
which ſhall have 33 teeth in it, they will be 22 
and 23 parts of the wheel that is to drive it. But 
fee more of this in (206.) 

1 have ſuppoſed here, in drawing clock. calli- 
pers, that the addenda be left ar each 2 
of the geometrical diameter, as ſuppoſing the 
workman in common acquainted with the | 
tity of the tops by inſpection only; but it is plain, 
that if any out of the way ſize comes in hand, that 
the wheel muſt be divided into one part more 
than is expreſſed by the ratio, and then one half 
of a diviſion left tor che adgenda. at each extre- 


mi 
In what has been delivered of finding the 
diameters when the tooth is circular, it — plain, 
that the addenda is but one half of the tooth or 
ſpace, and conſequently the pinion will not lay ſa 
cep, nor be ſo large, as if it was of the cycloidi- 
cal ſort, which 1 ſhall next conſider. 
215. Though we in general uſe wheels with the 
larger than the tooth, yet it will make no 
2 if we, in finding the diameters, ſup- 
aſe them equal, and. the tooth formed of the cy- 
idical property. The cycloidical property is 
derived from the motion of wheels and pinions, 
as if they acted without teeth; thus, let the circle 
AB (fig. 102.) be a wheel, and ab a pinion de 
figned to work in the ſame, and let them touch 
each otlier in the point B. 

Now, it is the ſame thing whether they both 
move round on their centres, with their circums, 
ferences free, or both move on their circumfer- 
ences with their centres free, or one be faſt and, 
the other move on its circumference with its cen- 
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the circles will move edge to edge; but we will 
ſuppoſe the caſe of one ſtanding, and the other 


moving, viz. let ab (fig. 103.) move, and in its 


motion it will deſcribe a curve line, which is call- 


ed an epicycloid, that is, when the radius cd, 


touched at e, as the circle rolls the point d, will 


deſcribe the curve de, which curve is one half of 


the cycloidal top to the tooth of the ſtanding 
wheel on the fide de; and if the circle roll back 


towards a, then it will deſcribe an equal and ſimi- 


lar curve on the other fide of the line Ce, which 


two curves, when they meet, form the top of the 
tooth, and may be well repreſented thus (fig. 104.) 
as either wheel or pinion may roll, in conſequence 


the wheel will deſcribe a ſimilar tooth for the tops 


of the pinion; but as the ſpace and tooth are 
equal, and both moving at once, is the ſame as 


if they moved one after the other, therefore the 
tops will be equal and ſimilar, as if each deſcribed 
their own teeth in going. 
From this illuſtration it is plain, that the tops, 
or the addenda to each tooth, are bigger than the 


ſemleircular ſort before deſcribed, but how much, 
is the queſtion. After a long and tedious proceſs, 
I have found it to be near + of one of the ſpaces in 


the given diameter, and conſequently £ more than 
the ſemicircular tooth; but as we hardly ever 


have teeth that work to the top of the cycloidal 
curve, in conſequence we may omit the ſharp top, 
and make them between the circular and cycloidal 
hape, which indeed is in general done. 


For'the ſake of thoſe who would chuſe to make 


them exact according to our common mode, let 
one of the ſpaces in the given diameter be divided 

- decimally, the half of which will be the circular 
auddenda, or . 5, the full cycloidal will be .75, 
and for 'our common form .7; therefore, after 


the 
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the geometrical diameter is found, to find the 


acting one you may add .75, 7, or. 56; but as 
the firſt addition never comes in uſe, except in 


pinions of 3, 4 or 3, it may be omitted, and the 
two laſt only will be uſeful, and both acting dia- 


meters will be found; thus a pinion of ſix's, two 
acting diameters will be 2.5 teeth for the circular; 
for the cycloidical it will be 5.4, or 3 teeth near- 
ly; for a pinion of 7, by the ſame law, the two 
different acting diameters will be found 5.6, and 
6.0 teeth, and ſo of all others, 

See (206.) where the matter is carried on in 
vulgar fractions, and may be continued, by doin 
the ſame in decimals, as here delivered in the 
clockmakers methode. „ 

This is all that is wanting to draw clock calli- 


pers, therefore I ſhall ſay no more on the matter, 


but proceed to thoſe of a more contracted form. 


* 


. 
* — — — 


ti 
— 


of drawing WATCH CALLIPERS. 


216. A 8 clock-wheels are caſt, there needed but 
41 little to be faid on drawing their calli- 
$3 what was neceſſary is delivered in (211, &c.) 

f that be well underſtood, it will be of great help 
to the learner, in this part, which we ſhall find 
more difficult, as here we are confined to a ſmall 
ſpace, therefore are obliged to gain all we can by 
an accurate proportion. All that is =_ in 
watch callipers is the ſize or diameter of the plate, 
and the ratio of each part. To find the abſolute ſize 
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the edge of your plate or not; if fo, then the dia: 


meter of your plate is increaſed as much as you 
intend the wheel to come over the edge of the 
As the plate is given, its diameter is given too, 


and alſo its radius; now it is plain, that in the ra- 


dius of the calliper, or the diſtance from the cen- 
tre to the edge with what the wheel muſt go over, 
is the ſpace that is to contain the whole of the main 
wheel, and the radius of the pinion; but the ratio 
is given as 4: 1; the geometrical diameter of the 
pinion muſt be 4 part of its wheel, and its radius 
will be 4 part of + of the wheel, or + of the whole 
wheel; therefore the whole ſpace, as before laid 
down, muſt be divided into 9 parts, leaving ſuf- 
ficient for the addenda of your tooth, which you 
are to fix upon, whether it is to be circular or cy- 
cloidical z but in all the movements parts of a 
watch we uſe the cycloidal tooth, therefore I ſhall 
always make ufe of that ſort. | | 

217. After you have fixed on your ratio, as 


above, you muſt fix on your pinion, which in 


common is 12; then, by (202.) the geometrical 


diameter will be 8; now the diſtarice that was to 


be divided into 9 parts with the addenda, is de- 
termined 94 parts; for the addenda is one, and 


the removal of the centre is another, by Cor. 1. to 
(213.) 3 therefore, when the diſtance is divided 


into 94 parts, the centre of the main heel will be 
at 9 parts from the centre of the plate, and the 
radius of the ſame will be 4, and that of the pi- 
nion 13-3 therefore both diameters, place, and 
acting ſize of the wheel and pinion, are known 
from the extent between the points of your di- 
viders: as the pinions are too fmall to have their 
ſize deſcribed by dividers, take twice the found 
diſtance, and open a hole till it is of the fame _ 
$775 125 O 
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of the acting diameter between your dividers ; 
then will both wheel and pinion be found. 

218, We now proceed to the barrel, which 
gives its own rule; for all that is required, is to 
have 1t as large as you can, and clear of the centre 
pinion arbor, and of the chain of the fuzee; the 
peeping of the barrel over the plate is according 
to the thickneſs of the bezil, which muſt be leit 
to every one's opinion: in general I have them as 
in fig. 105, 6, &c. „5 | 

As the barrel is determined, the breadth of the 
chain _ added to it, gives the place for the 
potance ; for it muſt be as far from the chain as 
will allow for ſtrength ſufficient to the potance, 
and at a diſtance from the centre of the plate, to 
allow the balance to keep clear from the edge of 
the ſame, and the ſquare of the fuzee, or which 
is the ſame thing, as far from the centre as to al- 
low one half of the balance-wheel to paſs the cen- 
tre-wheel arbor with ſufficient ſpace to clear it. 
The ſize of the balance-wheel will be determined 
from the height of the pillars, for the wheel will 
be about one half the height of the pillars, when 
the allowance is made for the potance foot, &c. 
and the pillars are determined in (98) to be abour 
half the main-wheel, in our common calliper, 
where the ratio of the ſpring is about 2: 1. 

Now we muſt determine the ſize of the upper 
plate; as the centre of the joint is in the plain of 
the back of the pillar-plate, if a diſtance equal to 
the diameter of the pillar-plate, as AB, (fig. 107.) 
be made radius, or a circle ſtruck with that di- 
ſtance, the circumference will give the opening of 
the watch; and if the height of your pillars be 
marked at the inner angle of your ſquare upon 
one ſide, and the other fide be applied on the line 
AB, and moved till the heighth marked on the 
firſt ſide cuts the arc in D, the bottom part will 

” AA cur 


3 = . 
% AFL 2% 1 = 2 T . " 
CURE CE SA OL X n n p N 
R N Ns CO CR RAR ß al ttm Þ, - Jo 4 
o ROS PPC EN Ie. Rok dann ff . . 5 
; UE SIOSS SE COS DEAE Ee Hearn So Cie ĩñĩ ß ĩ WE hr caged Fr” 
: 4 "$327 F 7 : £ SETS / / ( \ 7 < 


ed Ge OR 


1 e HL3 og Fe I IT 
RN ELL Fl aaa PETS 0 5 en 
_—— 


354 Or Tux SECTOR, any 
cut the radius! in C. Hence the line BC will be 
the part of the radius cut off, or the difference of 
the plates; fo the line AC will be the ſize of the 
upper plate; and if the diſtance AC be biſected 
in a, and a circle ſtruck with half of it, the circle 
ab will be the ſize of the upper plate. This dif- 
ference BC is what the mathematicians call the 
verſed fine of the arc BD, and which may be de- 
termined geometrically ; bur as that method is out 
of the way, and it can be found exact enough to Wilſhetr 
our purpoſe by your ſquare, which you uſe in com- fee a 
mon, there was no occaſion to run into the ma- entr 
thematical calculation of it here, though I ſhall BW (cc 
add it at the bottom of the -page.* om 

219. The main- wheel being known, and the 22 
diſtance between the centre of the plate and its Nece 
centre, the ſize of the centre-wheel is known from hee! 
thence; for in watches every wheel muſt be got as Wh ha 
large as they can, without pinching any part of Nee 
your work. Therefore the ſize of the centre- Wir 
wheel is from the centre of the calliper and main- uin. 
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lt is plain from (120) that BD is a mean = proportional 
between EC and BC; and as AB is the given plate, and BD 
- 3s the pillars, we may put AB =a, and BD = b, and ler 
x BC; then a — * AC, Hence, as 2a — Xx: b: 
B therefore 2ax — Xx? = bi, and x* — 2ax = b ebm⸗ 


pleat the ſquare, we have x? — 2ax T a* =a* — þb?, con- ance 
fequently * E a — Va — 12 —þ* = =: BC. then { 
ſee] 

5 E X 4A M FI. k. heel 
Let a = 2.5, and b 5 then a? 8 8 and b? . 253 221 
conſequently a? — b* = 6.25 — 25 =6, and . at b ntion 
= 2.4. Hence x = a— Wat — bY = 2.5 — 2.4 S. 1. iich 
Theſe are the numbers for the largeſt ſize, or that laid down on e for 


the ſector in (288, Kc.) 
wheel, 
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heel, after having allowed for the collet, which, 
len allowed for, the centre-wheel will be a ſmall 
Wratter larger than the main-wheel; or if it be 
Ie ſame ſize it will be no worſe. Hence then, 
W: the centre-wheel is determined, and its ratio to 
WT: pinion is given, as 9: 1, the pinion is given 
Wo; for as the wheel now determined is to 
Wontain nine times the geometrical diameter of the 
nion, and the addenda, the diameter muſt be di- 
ed into 93 parts by your dividers, and the geo- 
etrical diameters will be known; to which add 
e addenda, gives the acting one as before in the 
entre pinion in (2 16.) From what was delivered 


= 
1 


7 


Wi (cor, 1. to 213.) alſo the diſtance of the pinion 
om the wheel, or its depth, is given. 5 
220. The diſtance of the third wheel pinion from 
Wic centre-wheel being determined, the ſize of the 
Wiicel may be found thus; as our piece is ſuppoſed 
have a ſpring in the ratio 2: 1, conſequently the 
ee will be in the inverſe ratio, or have the top 
alf of the bottom, as the fuzee is leſs than the 
in- wheel by the breadth of the ſpring and depth 
the teeth; therefore the cap muſt be as much 
nin proportion, which will be ſufficient to clear 
e third wheel of the chain. Hence we may fix 
Wc circumference of the third wheel at one half of 
e diameter of the main-wheel. Now if part of 
circle be ſlightly ſtruck on the plate, at the diſ- 
ace of the third pinion from the centre-wheel, 
en ſome place in that circle will be the third 
Whicel's centre, and the cap of the fuzee and balances 
beel hole will determine the circumference. 
W 221. By the ſame proceſs, with common obſer- 
Witions, the contrate-wheel will be determined, 
Which when done, the balance-wheel pinion will 
e found as before; but as the contrate-wheel runs 
| A a 2 parallel 
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parallel to the axis of the balance-wheel pinion 


one of the cycloidal curves becomes a right line 


Hence the teeth of the wheel will meet the pinio 


at a leſs angle; and the whole addenda in this calf 


will be .7 only. This ought to be well obſerved b 


all our workmen, as upon 1t alone many well de i 
ſigned watches are rendered good for nothing 
Through this fault, and the teeth of the whee 


not acting parallel to the teeth of the aeg. af 
ter ſixteen years experience, I have fo 


poſed round, every diameter would be alike, an 


in conſequence would go out with the ſame freq 


dom they went in, which is plain from the princ 
ple of a tangent in (107.) 

'222, What farther belongs to the movemen 
part of a common watch is the ſize of the balance 
which is determined in (164 and 5) and may b 
uſed here. What is wanted there, and proper. 
belongs to this place, is the ſize of the balance 
wheel, which muſt be determined from the heig 
of the pillars. In this caſe, the pillars are ſup 
poſed equal to half the main-wheel, and the ba 
lance-wheel in diameter will be a ſmall matter ſhor 
of the ſame height; and if the wheel be 15, it 
diameter will contain five of the ſpaces, one-ha 
of which will be the breadth of the pallet ; there 
fore the breadth of the pallet will be one-tenth © 
your pillars, or one-twentieth of the main-whee 
In like manner is all others determined. 

223. I will now proceed to the dial work an 


' flide, The chief thing to be conſidered here b 
< 


und mor 
watches ſtop, than all the other faults put tog 
ther, that [ could obſerve. To remedy the la 

ter, the teeth of ſuch wheels ought to be cylini 

ders; then if the finiſher ſhould chance to put th 
wheel and pinion at different angles, ſtill the teeti 
would not ſtop the watch; for as they are ſup 
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Je addenda, for the ſake of having the hands to 
Inn free, and the hour-hand without ſhake. Ir is 
nmon to make them on the ſame principle of 


Wake required, and jam them cloſe here, upon 
Wi: ſame principle by which watches are ſtopped 
them alone. | | | 
As they. are wanted to run free, and without 
Whake, conſequently they ſhould be full cut, and 
With a circular top; then the hour-wheel, in go- 
Ws and working in the minute nut, will be alike, 

Wicretore may be left ſafely without ſhake. 

Iltis, and may well be a matter. of ſurpriſe to 
Wicry reaſonable man, to hear the noiſe that is 
ae about this notion of dial wheels, and the 
rat expence the purchaſer is run to for this in- 
Wrnficant whim. 5 | 
But admit the advantage gained, why are the 
eels not made upon principles of theory to gain it? 


lake their hour- wheel large on purpoſe, in order to 
te the ſhake little, and make the power leſs on 
te minute-wheel ; ſo that if they ſhould catch 
bm being laid too deep, &e. the minute-wheel 
ill overcome it, as is plain from the principles of 
ultiplying and dividing trains. The common 
Im is, when 12 is broke into the factors 3 and 
and the two ratios are 4: 1 and 3: 1 (ſee 66.) 
ud that of 3: 1 is choſe for the hour- Wheel, which 
quite the reverſe of what it ſhould be; for if 
de wheels, &c. were changed for each other, then 
he hour- Wheel would become larger, though the 
ne ſet, and in conſequence better for the boaſted 
Elon, 


may be gained that can be imagined, It is 
A 2 3 true, 


> | 


th 


Jie movement, where the power is great, and 


he clock-makers, who have aimed at the deſign, 


But if 12 be broke into the two ratios 2: 1 and 
1, then the hour-wheel will be ſtill bigger, and 
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and if it be not made very full, the ſhake js ſti 


make the nut with cylinder teeth, às J have ſeel 3 


trains, &c. 


-dial-wheels from thoſe above, but more from (28. 


ous as any, fince the cannon-pinion and minute. nu 
may be of the ſame ſize nearly, 
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true, that the angle of the nut becomes bigge 


the ſame; the beſt method to obtain which is te 


them well done by Mr. Mudge. If they might b 
admitted, the clock-maker's ſet of 1: 1 and 1: 1 
would ſtill be more to principle. 

224. As it may be of uſe to workmen, I wi 
here lay down moſt of the ſets that can be mad 
out of 12, in motions for 12 hours, viz. in who 
numbers. For the numbers ſee (66) on calcu 


Rtion. „„ 

10 min. wh. hour 
© 3:3 2-2 x 
I-30 CT 
"+ 0-1 
„ 1 
3 1 
113 27 7 


In fractions, the numbers for which may b 
found by the rules in (45, &c.) on calculating q 


e 5 
e 2 3 
TTC 


min. wh. hour 

wn of «is = 
45 2 1 2 2 1 : 
Ge YO . 
3 27 : I 5 
IT : I 92. : 1 
97 : 1 3 

77 2 I 32 1 

37 5 1 . 


So that we may make 14 different ſets © 


which ſee; the laſt two of which may be as curl 
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225. After you have aſſumed the teeth for one 
ratio, then the teeth of the other thould be taken, 
that thoſe of each may be of the ſame ſize, that 


is, that thoſe of the cannon- pinion and nut would 


run in each other, &c. 

To obtain which, after you have aſſumed for 
your cannon-pinion and minute-wheel, as is done 
for movement wheels, &c. then find the geometri- 
cal ſemi-diameters of the ſame, and their ſum will 


be the parts to be in thoſe of the minute- nut and 


- hour-wheel. 


Thus, for a common ſet with a cannon-pinion 
of 10, from (202.) 10 X 2, is 20, the one-third 
of which is 62, and half of this is 34; as the 
minute-wheel ſemi-diameters is to be four times 


the pinion, then 4x 34 = 134, is the ſemi-dia- 


meter of the minute wheel, and the ſum of the 
whole is 164; which is to contain all the ſpace of 
half the minute- nut, and hour-wheel. And as 
they are to be in the ratio of 3:1 (from 211, 
&c.) 16% is to be broke into four parts, three for 
the hour-wheel, and one for the minute- nut; there- 
fore 167 muſt be divided by 4, and it gives 4 
for the Emi. diameter of the nut; 2 X 43, or 84, 
will be the whole diameter, and 3 X 8+, or 2 5 for 
the ſpaces in the whole circumferences, or it is 
12 teeth and 13 ſpaces, or may be called rg teeth 
as the neareſt number, the hour-wheel will be 
three times this, or 39. Now theſe teeth are 
all of one ſize nearly, and therefore are better 
than any other that are not ſo. 

Note, to avoid fractions as much as poſſible, 
you had beſt find the whole ſemi-diameters, as 
in this ſet of the .cannon-pinion 123 12 X 2, is 
24, one third of which is 8, that of the ,minute- 


wheel will be 32, and the whole ſpace or num- 
ꝙ＋aa 4 | bers 
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bers will be 42 ; this is to be divided by four, as 
the ratio is 3: I, conſequently ten will be the 
number for the diameter of the nut, and 30 for 
that of the wheel, and 3 X 10, is 30 ſpaces, 
which makes 15 teeth; the hour-wheel will 
be 45. | 

It is plain, that the reaſon of the above rule is 
whatever number there 1s between the two cen- 
tres in one ratio, there muſt be the ſame be- 
tween them in the other; and as the diſtance be- 
tween the centres is the ſemi-diameters of each, 
and theſe are in proportion of their wholes, or in 
that of their circumferences ; conſequently, if we 
work by the circumferences, we ſhall come to the 
ſame concluſion as if we wrought by their ſemi- 
diameters or diameters ; therefore after the firſt 
ratio is determined, we need only break the ſum 
of their circumferences into the ratio of the hour- 
wheel and minute-nut : thus the laſt over again; 


the cannon-pinion is 12, then 4X12, is 48; | 


their ſum is 12 + 48, or 60, which is to be di- 
vided as 3: 13 or divide 60 by 4, gives 15 for 
the nut, as before. This is a matter that is very 
little noticed by any that I have ſeen, fave Mr. 
Ellicott ; whoſe watches ſeem to have every part 
calculated to juſt theory. 
I will find the numbers now to one of the moſt 
broken proportions aforegoing, which is 15: 1, 
and 94:1; I will take 1:14 for the cannon-pinion 
and minute-wheel; and that I may get rid of the 
Fraction one-fourth, I will chuſe 40 for the cannon- 
Pinion, then the minute-wheel will be 30; their 
ſum is 40 + 50, or go, which muſt be divided by 
103, or 10.6, which gives 8.5 nearly; ſo we may 
take 8 or 9 for the proportionate number; but as 
the fraction is three-fifths, we mult take 10 to get 


rid of it; therefore if the nut be 10, the hour- 
R wheel 


. 


* 
4 
LY 
br, 
4 
. 2 
3 
. 
* 
coy 
* 
BS 
SW 
"oy 
2 
8 
8 
Ny, 
CS . 
bs * 
«217 
7 
Y 
2 
2 
22 
. 
3 
* 
Ws 
4 5 
A”, 
* 
1 
. 
EX 
8 
NY 
K FS. 
. 
a 
. 
2 
3 
"2 
RNS * 
Te 
WE 
Ip 
93 
* x 
8 
1 
Fu 2 
13S 
W 
FIN 
WE. 
. 
"= 
ELL 
3 
7525 
46 * 
8 
3. 
LE 
82 
* N 
34. 4 
5 
5 0 
. 
72 
22 
="; i 
* 7 
= 
£8 
2 
= 
So 
Sh 
Fer 
IP 
r 
2 25 
xs 
ENS: 
9D 
© 65d 
7 
* 
My 
I 
Rd 
wy 
8155 
2 


8 
2 
. 
Bb 
HY 
ang 
2 
8 
— 
4 
5% 3 
1 9 
"= 
OY 
3 
3 
1 
8 
W 
8 * 
1 59 
* 9 
n 
E 
* 
Nat” 
2h 'y Ne 
. = 
bY 
* 4, » 
2 
* 
= 

— 4 

PET, 

855 

+7 

3: ot. 

CPE 

ER 

— TAE 
8 
5 

Y 

. 

be: 

3 
TE 
2 
13 
87 

2 
5 
£58 

x: 

2 

5 
So 
5 
Ie 

VV 
EF 

T4 


r n 
FF 


7 [4 
75 
i 
" 25 
Nu 
va 
12 2 <> 
58 
1 
8 
"IE 
3 
68 
. 
Log 
VT 
iy 
Woe. 
1 5% 

" Ye 
3 
NS 

ev 4 
"oh 
. 

1238 

. 
2 
1 

. 

2 

2 
* 

. 

92 

a "MK 

{6 
Q 2 2 

255 


CALLIPER DRA WING. 367 


wheel will be 96, which is the neareſt proportion- 
ate number to 40 and 30. 8 
To find the numbers for 1: 22, and 44: 1; 
firſt for 1: 22, let 24 be taken for the cannon-pi- 
nion, then it, and its wheel, will be 24: 36, their 
ſum is 24 + 36 = 60, which divided by 54, 
gives 10 nearly; therefore the hour-wheel and nut 
will be 58 : 10. 
To find the numbers for 25: 1 and 5: 1, take 
o for the cannon-pinion, then the minute- wheel 


and it will be 20:75; their ſum is 105, which 


divided by 6, gives 17 for the minute-nut, but 
18 may be taken, which makes the nut and hour- 
wheel as 18 : go. . 

Laſtly, for the ſet 34: 1, and 32: 1, take the 
latter for the firit ſet, and 15 for the cannon- pi- 
nion, then it and its wheel are 15: 48 their ſum 
is 63, which divided by 43, it gives 11, and 
ſome parts; but we muſt either take 8 or 12, be- 
cauſe of the fraction three-fourths ; therefore take 
12 for the nut, then it and its wheel will be 12:57. 
This is a neat ſet, 5 

I thought proper to be thus far more particu- 
lar, for the ſake of the motion- maker. 

226. To determine the ſize of the dial-wheels 
by the dividers, it is done the ſame way of that 
of the movement part, but the addenda muſt al- 


ways be circular. 


The common ſizes are found by dividing the 
pillar plate, as was done in finding the centre pi- 
nion, and then dividing the diſtance from the cen- 
tre of the plate to the centre of the minute-wheel 
into 4, three of which parts will be half the dia- 
meter of the hour-wheel, and the other the mi- 
nute- nut. | EY 

When a ſet is required in the ratio of 2: 1 and 
6: 1, divide half the pillar- plate into five my ; 

8 our 
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four of which will be the wheel, and one the half 
of the cannon- pinion; to which put the addenda, 
you havye the full ſizes. For the hour- wheel, di- 
vide from the centre of the minute wheel, to 
the centre of the plate, into ſeven parts; to ech 
of which put the addenda, you have both the 
\hour-wheel Fand nut as before. If a ſet ſhould be : 
wanted in the ratio's of 1: 1, and 12: 1, then di- . 
vide half the pillar- plate into three parts for tle 
cannon-pinion and minute-wheel, and the diſtance 
From the centres of the plate and minute wheel 
muſt be divided into 13, for the ſizes of the hour- 
Wheel and minute-nurt. 

The fizes of the fractional ſet which 1 found 
the numbers to, viz. of 14: 1, and 94: 1, will 
be found as before, by the rule for all others; for 
the minute-wheel and cannon-pinion, divide the 
plate into 34 parts, 24 will be the minute wheel, 

and*one half the cannon-pinion. The given dil 
tance for the hour-wheel and minute- nut muſt 
be divided into 104 parts, 92 will be the half 
diameter of the hour wheel, and the other half 
that of the nut. It ſometimes happens that the 
diviſions are very ſmall, then it is beſt to divide 
for the whole diameters, by which you won't be 
ſo apt to make any miſtake; which will appear 
Plain in ſome examples that wil lay down 1n plans 
Tor ſeconds. 

This method of determining the ſizes by dividers 
will be very uieful to flide-makers, for they may 
have both wheels ſent to cutting at once, and be 

pronounced right before they go, and be certain 
of the ſame when done. 
227. By the rule in (202) determine the breadth 
of a ſpace or tooth in the diameter of the ſteel- 
. whee], half of which being deducted on both 


ſides, gives the en diameter of the ſame; 
which, 
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which, being determined in your dividers, find 
how oft the ſame is in the diameter of your curb- 
wheel, and as oft as it is contained in it, ſo many 
times will the teeth of the curb-wheel contain 
thoſe of the other. Example, let the ſteel-wheel 
be 14, and be contained 4 times in the curb, then 
the teeth of the curb will be 14 X 4, or 56; let 
the ſteel-wheel be 20, and contained 3 times, 
then the teeth of the curb will be 60, and ſo of 
all others. Or in like manner, if the curb be 
given, and you want to determine the ſteel-wheel, 
then you muſt do it by the reverſe of the forego- 
ing proceſs; which may be clear to the meaneſt 
capacity I think now. 

228. But admit a piece of a curb be given, 
which may anſwer to the curvature of your ſlides, 
and yet has no diameter given to determine the 
ſteel- wheel by, it may be done by the diameter of 
the ſlide within, and a proceſs in circulation yet 
more eaſy thus; count the teeth in the piece, 
which double, and divide by three, will give the 
geometrical diameter; and by the clock-makers 
methods in (206) you will have the ſize given in 

waee, which may be applied to ule, 


| EXAMPLE 
Admit the piece contained 18 teeth, then 
2X18 is 36, which divided by 3, gives 12; to 
which add 1, gives 13 for the number of ſpaces 
to be meaſured over, or 6; teeth in order to find 
your wheel, which will now be given in diameter; 
and from the methods laid down in calliper-draw- 
ing, it may be planted in a right depth to the 
curb. Admit the wheel be fitted to the ſlide and 
cut, and the ſteel - wheel is made promiſcuous, then 
take the out, or acting diameter, in a pair of di- 
5 by By | . viders, 
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viders, which apply to the teeth of the cut 
curb, the ſpaces which the dividers take in count, 
and from their number take one, the remainder 


multiply by 3, and divide by 2, gives the number 
of teeth to be cut in the ſteel-wheel, | 


© X-AMP L131 


Let the ſize of the wheel meaſure 13 half teeth, 
then 13—1 = 12, this multiplied by 3, gives 
6; half of which is 18, the number of teeth 
in the wheel. The firſt method was to. find the 
ſize and teeth, from the teeth of the curb. The 
laſt, is to find the teeth only when the ſize is 
given. | / 
| EXAMPLES in both methods. 

Let the curb contain 20 teeth, the double of 
which is 40, one third of 40 is 137; to which 
add 1, gives 144 ; ſo that the point for the ſquare 
muſt be at 7 ſpaces from the edge of the cock or 
curb, and the teeth of this wheel-will be 20. 

Again, ſuppoſe the ſteel-wheel to this ſlide had 
been made promiſcuous, and that the whole of its 
diameter, when applied to the curb, meaſured 
over 16 ſpaces, then 16—1=15, then 15X3 = 45, 
half of which is 22.5, or 22 will do very well. 
Suppoſe it meaſured over 9, then 9 —1 = 8, 
and 3x8=24 ; half of which is 12, for the num- 


ber of teeth in the wheel. In the former wheel 
it had, by chance, been made two teeth too big, 


and in the latter, eight too little. 

All theſe methods, as well as the next article, 
are plain from the principles in (202, 3, 4, &c.) 
which, I ſuppoſe, the reader is quite maſter of 


| Now, a 7 


229. But when a ſlide is to be made the beſt 
poſſible, it muſt be done as follows; after the 


place is determined for the ſteel- wheels ſquare, 


draw 


CALLIPER DRAWING. 26; 


draw a line from it to the centre of the ſlide, di- 
vide this line into the number of parts you deſign, 
the ſteel-wheel to be in the curb with its own ſe- 
mi-diameter, that is, divide it into the given ra- 
tio and one more, which is always the caſe for a 
given diſtance; as is plain from what J have deli- 
vered on the dial-work, &c. 


"EXAMPLE 


Let the given diſtance be divided as 3: 1, then 
it muſt be divided into four parts, three for the 
curb, and one for the ſteel-wheel; to which add 
the addenda, when found by (202) gives the ex- 

act ſize of each; and if circles be ſtruck on the 
flide' of the ſizes found, you have an unerring 
rule to work by. I have choſe 3: 1, which is 

Tight for all ſorts of watches where it can be uſed ; 
as it will cauſe the curb to be of a right length 
for them, and no other will anſwer ſo well. Be- 
ſides, you will have the index of the regulation 
to go exactly round ; while the curb goes from 
top to the bottom of the pendulum ſpring, which 
is a thing not ſo much as conſidered by moſt of 
the wearers of watches, owing to the makers not 
making them on this principle, and therefore the 
figures on the index-plate become uſeleſs to the 

.Wearer. -- | 4 

Thus I have run through the whole of a com- 

mon watch calliper, in all its particulars, and I 
hope, ſo plain, that the worſt qualified cannot 
but underſtand me. See the whole in fig. 108. 

I will now lay down various forms of the ſame, 
but it would be needleſs to go through the ſeveral 
poſitions of each wheel, &c. as that entirely be- 
longs to judgment and fancy. | 

Fig. 109. Is a third wheel ſeconds, where the 
ratio of the third wheel pinion is as 15: 1, conſe- 
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quently the wheel drives a ſeconds pinion as 4: 1, 
and the ratio's for the third and fourth wheels are 
as 8: 1, and 5: 1 reſpectively; and if pinions be 
aſſumed to anſwer all through, the whole train will 
be 48: 12, 90:6, 64:8, 60:12; the ſeconds 
Pinion 16, and the dial work as common. 

The advantage of this train and plan, 1s in the 
diameter of the ſeconds pinion being increaſed, 
ſo that the ſeconds hand may run ſteadier; to ob- 
tain which, the centre-wheel muſt be made as 
large as poflible; the diſtance from the centre of 
the plate to third pinion, muft be divided into 
16 parts in the movement train, and in the mo- 
tion part into 5, for the ſizes of the third wheel 
and ſeconds pinion. | 

231. Fig. (110.) is a new plan for a contrate- 
wheel ſeconds, or otherwiſe without a bar, where 
the centre-wheel runs level with the plate, and 
the third wheel over it, and under the potance, 
the train is that which ſhould be uſed to all com- 
mon watches. (See 69.) viz. 65:1, 9:1, and 10 
to 1, which is 600 X 30, or that of 18,000. Here 
the contrate-wheel has double teeth, one contrate 
and the other horizontal, which drive each a pi- 
nion, viz. the common balance-wheel pinion to 
drive the verge, and the other, that to drive the 
ſeconds wheel ; this plan will ſtand the teſt of the 
carper himſelf ; it has feveral advantages over the 
third wheel form, as is evident, one of which 1 
will note, viz. that the pinion, to drive the ſe- 
conds, may be put as far out as the maker pleaſes, 
and get a large ſeconds wheel, by which it will ar- 
rive at the ſame advantage of an horizontal ſe- 
conds, nay, and may be made ſuperior to them by 
this plan. The ſeconds diſtance muſt be divided 
into 11 parts, becauſe the ratio is as 10: 1, for 


600 + 60, gives 10; and if the pinion be fixed 
near 
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near one-third of the plate from its edge, then 12 
or 15 may be aſſumed for the twiſt on pinion, 
which will give us this proportion for the ſeconds, 
120W.: 12 p, or 130 w.: 15 

232. (Fig. 111.) is a uſeful horizanral; with- 
out a bar, for the train, &c. ſee (65) the wheels 
have an alternate poſition in the frame, viz. ſe- 


cond-wheel to the pillar-plate, third to the upper, 
and fo on; but if the fuzee be inverted, they all, 


from the ſecond, may be placed in the middle of 
their axis between the plates, which are advantages 
not unworthy notice. Thoſe that I have made up- 
on this plan, 1 had the cylinder-wheel 10, then the 
fifth wheel's revolutions will be goo ; this, divi- 
ded by 60, gives 15: 1 for the ſeconds proportion; 
and if the fifth wheel be planted at 16 ſemi-dia- 
meters, or 8 diameters of its pinion, then both 
movement and ſeconds pinion heads will be of the 


ſame ſize, and may be both made at once; ſo 


will prevent the trouble of twiſting on, &c. 


233. (Fig. 112.) is the beſt plan for an hori- 


zontal, either ſeconds or not, which I have de- 
monſtrated in (105.) where its train is laid down, 
and in ſeveral other parts of this work. 

234. (Fig. 113.) is a plan for horizontal ſe- 
conds, through the centre-wheel, a plan that was 
never attempted before with any ſucceſs, that I 
know of, but by two gentlemen, viz. Me, Elli- 
cot and Mr. Exelby, the former of which is much 
the better. 

As near as I can, mine ſhall be explained thus; 
the fuzee is wrong end up, or has its baſe towards 
the upper plate; the centre-wheel runs at the 
back of the pillar- plate, and level with it, upon a 
hollow ſtud ; the fourth wheel goes between the 
fuzee-cap and main-wheel ; and under the barrel 

its axis goes through the hollow ſtud, and the 


pevots 
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pevots run in the potance; and in a piece fixed in 
the end of the ſtud, which piece alſo holds the cen- 
tre- Wheel upon the ſame without, the cylinder- 
wheel runs in the upper plate, and has a bridge of 
the ſame thickneſs of the ſlide. | 
Its train is 18,000, and proportions are 72: 1, 
8 : 1, and 10: 1; pinions two tens and an 8, which 
give this ſet, 75: 10, 80: 10, and 80:8; the 
dial-wheels are as 2: 1, and 6: 1, by which choice 
the hands are ſet from the minute wheel pinion. 
There 1s not the leaſt exception to this form, 
that I have found from execution, therefore ſhall 
recommend it. „ 7 
235. (Fig. 114.) is a plan for a watch with two 
balance-wheels, one concentric to the other; the 
outer wheel goes under the barrel, and the inner 
one in the upper plate. The advantages of this 
conſtruction are, that the two wheels meet the 
verge at leſſer angles, and in conſequence give a 
greater vibration, and that without danger of 
touching the banking. Alſo ſeconds may be 
ſhown * coo the balance-wheel, and the ſame as an 
horizontal, which I think a great matter. Its 
train may be common, or not, and laid down in 
(64.) that of the ſeconds is as 1: 94; for the 
common train the diſtance muſt be divided into 
10+ parts. | 
236, (Fig. 115.) is a common horizontal, with 
the train as common, viz. 9: 1, 84:1, and 
8=: 1; the ſeconds is 1 : 105 therefore the ſpace 
muſt be divided in 115 parts, or 12 will make no 
great difference; 11 for the wheel, and 1 for the 
| Pinion, But if the diſtance be divided into fix 
parts, it gives the wholes at once. | | 
I ſuppoſe the reader will be ſufficiently ſatisfied 
with what I have ſaid and laid down in this part of 
the work; at leaſt, I cannot imagine what more is 
needful, if what I have delivered be well m_ 
| ood, 
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ſtood, which is the deſire of the author, to every 
mechanic whatever. ; 
=. SCHOLIUM. 
Much noiſe is made by worknien about the 
driver in wheels and pinions, viz. that the driver 
| ſhould be bigger than the one driven. Here it 
may be examined of what weight ſuch a notion is. 
| It is plain, from the nature and uſe of the ad- 
denda, that they are for the action of the driver 
and the one driven, that is, to roll upon each 
other; and alſo from the principles of the lever, 
&c. in (138.) that the power is from the geome- 
trical diameters of each, before their addenda are 
put to them; therefore a greater addenda being 
made to the driver than to the one driven, gains 
nothing in power, but rather loſes; for the greater 
addenda acts nearer the centre, or within the geo- 
| metrical diameter of the driven one, and in con- 
ſequence loſes the power upon it; therefore larger 
teeth in a driver are worſe upon account of the 
power being loſt ; but the driver is niade greater, 
to prevent butting, which to be ſure is right; yet 
it ſhould be done with great care and judgment, 
or the ſame evil in conſequence will follow; for a 
too little pinion is acted ſideway, as much as a big 


one is worked out; therefore both evils are bad in 


an extreme, which is all that can be ſaid for either. 
As we have our beſt intended work ſo accurate- 
ly executed now, there is no occaſion for fo large 
a drop, and no more needs be added to the driver 
than what may juſt pronounce it the bigger; the 
fame of a preponderating weight in a pair of 
| ſcales, I never add above one-tenth of the ad- 
denda to the driver, or deduct it from the driven 


one, This ſmall matter may vary the general rules 
7 | IT „3 
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{aid down in the courſe of this work, but cant 
miſlead the moſt indifferent obferver of them. 

In all the rules heretofore delivered, I have 
ſaid nothing on the finding wheels, and their pi- 
nions, wien they act within the given ſpace, or 
coneentric to their driver; but from the nature of 
the adderida, we find that it is very near {emi-cir- 
cular in action; therefore in difficult caſes, may 
be uſed for the cycloicat ſhape, without any in- 
fringement on the accuracy of the workman, ef- 
pecially if it be wanted near the power, there- 
fore, for the within ſizes, divide the given ſpace as 
before taught, as if they were to act without; and for 
the wheel add the addenda within, the pinion will 
be the ſame as if it worked without. For the 
flrength of the wheel rim, every workman may 

add what depth he pleaſes to the outſide of the 
geometrical diameter; but, as I have obferved, 
as the tooth may have a circular top, to fave 
room, the teeth in every wheel of this fort may be 
as round pins put perpendicular into the edge of a 
common one, or like the beft form of a contrate- 
wheel, laid down in (22 1.) | 

I have faid nothing of the . ſize of watches of 
any form, fave giving a proportion of their parts 
on the ſeftor, &c. as that belongs to the choice of 
the maker or wearer; but would obſerve, that af- 
ter a good one is choſe, and beft according to the 
price, then it would be the moſt prudent to ſtick to 
it, for the ſake of diſpatch, and other inconvents 
encies which are unavoidable in different ſizes, and 
can be of no advantage to the wearer, &c. 

But when accuracy 1s wanted, and, for the uſe of 
ſcience, it is undoubtedly the beſt to make them 
large. Mr. Harriſon's ſize is little enough for the 

longitude ; and if gentlemen would come into the 
faſhion of wearing their watches en their left 
EZ 7 breaſt, 
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breaſt, many advantages might be gained; as, 
firit, the watch would be eaſier taken out of its 
pocket by the right hand; and ſecond, would be 
always in one polition ; a very neceſſary thing, for 
they would not be ſo liable to vary; and alſo third, 
they might be made larger, and be of no more in- 
cumbrance to the wearer. | | 

Many advantages are gained from watches being 
increaſed in diameter, but the only one, and 
which is of great weight is, that there 1s room to 
work a train in proportion to the decreaſe of the 
power, which is hinted at in (69.) But while it is 
ncreaſed in diameter, care muſt be taken that it be 
increaſed in depth alſo, or the power of the ſpring 
will be out of proportien ; or that the ſpring be 
made in proportion to the depth or height of the 
pillars ; and if the watch be a balance-wheel one, 
or in the form of Mr. Harriſon's, then the mo- 
mentum of the balance will be decreaſed, and in 
conſequence the ſize of the watch as much leſs as 
the momentum is decreaſed ; therefore a giece diſ- 

1 ary bur- 

Thoſe that are obliged to make their work flat, 
may have advantages ſuitable to the choice of their 
wearers, if calculations are made equal to their 
plans; for the wheels increaſe in proportion to 


W their ſizes, and the momenta of balances de- 


WT creaſes as the depths of each piece; therefore ba- 
WE ance-wheels may be made with fewer teeth to pre- 


krve the momenta, and the train may be put into 


ie wheelss beſides, as the power of ſprings is a 


the diameter more than the depths. 
Thoſe that make ſmall watches of curioſity more 


chan for uſe, ſhould be particular as to the form- 


ing the train for ſuch pieces, ſince any ſort, won't 
do, though they may be attempted z as firſt, their 
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rinuance ſhould be proportionate to their ſize; t2 


or 13 hours would be ſufficient. No gentleman, WM inc 
that has ſuch a curioſity, would think it any trou- Min 
ble to wind one up every 12 hours, ſince it is moſt ¶ our 
likely he would not wear one longer at once than gels 
the aforeſaid time. If 12 or 13 hours be taken, pin. 
then the continuance would be had without a fu- le 
zee; for 13 divided by 4, will give 32; and if ing 
the main ſpring have 6+ turns in it, and made ta- 1 
per, there will be 34 turns for each turn of the Put 
main wheel, which will cauſe a ſufficient equality M6 1 
without a fuzee. | 1 W coll: 
The governing train, if taken 17.280, may be nen 
got in, fince there will be room for fix wheels from de 
the centre-wheel. Let the balance-wheel be 3, ¶ lica 
then 17280 divided by 10, gives 1728, which conſ 
may be broke into the ratios 4: 1, 4: 1, 4: 1, nay 
| 3: I, 3:1, and 3: 1. Hence the whole train off ciple 
uch a piece will be with pinions of 8 and fixes; It 
26 : 8 for the continuance, and the other 24: 6, be 1 
24:6, 18: 6, 18: 6, and 18: 6, though ſixes des 
and fives might be taken, which would make the ed. 
wheels of leſs number, and conſequently the piece hic 
fmaller. A. piece thus formed, would have no ple 
impoſſibility in it, as each pinion would be work-Wnect 
able as well as the wheels, and in conſequence ailir 
ſuch a watch might be made to go and keep time burc! 
too, what can't be ſaid of moſt that are made; ¶Mally 
nay, and even thoſe that are for one, if not the {Wome 
1 encourager of art and ſcience in the world. ¶ fancy 
or a plan of ſuch a piece, ſee (fig. 116.) only; 
The particular advantages of each part that com- In 
poſes pocket watches, &c. may be gathered from the Worm? 

_ preceding work in general, viz. that wheels ſhould {Mravar 
be as large as poſſible, barrels and fuzees alſo in- Willy ; 
creaſed more in diameter than depth; in particu- {pleaſe 
lar, the former ſhould be made as large as poſſible, Which 
2 95 ſince ¶add te 
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ince the power of ſprings increaſe twice as much 
in diameter as depth. But on the reverſe, we fee 
our common watch- makers endeavouring after bar- 
W rcls for depth more than diameter; nay, and even 
W pinch and diſtort their pieces to gain depth, and at 
le ſame time pinch the diameter beſides, by mit- 
ing the centre-pinton, and other blunders. 
= The much improving Mr. - Hynam has 
bund the advantage of power by diameter 
o much, that he makes his watches without 
ollars to his pendants, which is a great improve- 
WE nent. It muſt be admitted, that the gaining all 
be depth- poſſible, as well as diameter, is mecha- 
WE cal ; and therefore, if no leſs of diameter is the 
WE conſequence of gaining depth, then the depth 
nay be endeavoured after from mechanical prin- 
ples. | 
It is uſual to have the balance in the middle of 
Wie upper plate, ſo that the cock may have both, 
des of the tail alike. This is particularly ſtu- 
died, and to get in a great name and number, 
lich is, in fact, to follow fancy more than prin- 
ple, and what ought always to be avoided in 
rechanic performances. But this is ſuch a pre- 
ailing piece of folly, and impoſition upon the 
urchaſer, that I wonder the trade have not gene- 
ally come into the thought of ſerving their cuſ- 
Jomers upon principles of mechanics more than 
ancy, eſpecially in thoſe that are deſired for uſe 
only; ſuch as for tradeſmen and working mechanics. 
I may obſerve alſo, the impoſſibility of the per- 
brmance or duration of ſuch pieces, and the ex- 
W'ravagant expence laid out upon ſuch notions of 
Willy; as firſt, to make the endleſs ſcrew- bridge 
pleaſe the eye, it is filed to about half the breadth, 
which is juſt the reverſe of what it ought to be; 
dd to this the time loſt in doing it. | 
5 1 -:- 
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The inconſiſtent whims that are put in ſlides is 
even laughable at, ſuch as the ſilver piece to bs 
thicker than the curb, the latter of which is for 
real uſe, and the former (as generally made) for 


ornament only. Alſo, that the ſteel-wheel be 


made with very few teeth in it, in order to move 
the curb ſlow ; whereas they ſhould be of the ſize 
and teeth to go exactly round in the aſcent and 


- deſcent of the curb, ſee (229) then they would be 


of uſe to the wearer. Since Mr. Harriſon's me- 
thod to correct the expanſian of metals came out, 
we have had many and ftrange fancies of expan- 
ſion- ſlides; but moſt unfortunately for moſt of the 
conſtructors, their famous inventions have been 
found of no uſe ; nay, ſome of diſuſe, as ſome of 
their performances have had a contrary effect. Be- 
fore Mr. Harriſon attempted to make a correc- 
tion to his time-piece, he firſt fried what was the 


error, that he might then know if it came within 


attempt a cure before the diſeaſe is known? ſa 


his power to correct it or not. But where are the 
experiments or trials to know the variations of 


ocket watches? I confeſs, I have not been able to 
note them all; nor have I heard of any one that 


has; therefore, as the variations, or cauſes of va- 


riation, are not clearly known, how can à reme- 

dy be applied to them? e 
When we have made one piece to go ſo true in 

the pocket, as to vary only from heat and cold, 


then it is time to make expanſion- ſlides to correct 


the variations. In order to do this, a very accu- 
rate piece ought to be made, which would go 
true either in the pocket or out, and then an ap- 


paratus ſhould be applied, to ſhe us the expan- 


ſion, and alſo the variation from it. When theſe 
two deſiderata are known, a method might be ap- 
plied to correct them; but it muſt be abſurd, to 


that, 


1 


CALLIPER DRAWING. 375 


chat, in general, our modern expanſion. ſlides muſt 
be a mere notion, or catch- penny. 

From the ſha ayes of bodies of the leaſt reſiſt- 

ance, the arms of balances ought to be like an 
eight ſquare . as they are called; but to 
ſave trouble, they may be made round, as perfect 
cylinders and the loſt time that is thrown away 
in poliſhing a uſele ſs ſteel balance, ought to be 
laid out in making one with the arms of ſteel, 
and the rim of braſs; This would be a curious 
performance, and at the ſame time uſeful, which 
cannot be ſaid of the fineſt poliſhed balance in 
| the world. 

The prevailing notion of fancy, and that to 
pleaſe the eye of thoſe who don't even underſtand: 
what it 1s, is ſo great, that the pay of the workman 
is for lictle elſe but whims; as in bolts, the only 
uſe of which is to hold the watch faſt when ſhut. 

Some mult have fine pierced ears ; others not fo; 

but then they are to be left of ſuch peculiar 

ſhapes, that each of the trade are become oppo- 
nents, becauſe their fancies differ in this matter. 
Mr. Ellicott's are the only ones made with judg- 
ment, which is to have no ears at all, and the 
labour which is ſpent in the uſeleſs ornament is 
Put upon parts of uſe. There is great ſquables 
upon the ſprings to the ſame; what ſhape they 
ought to be; but Mr. Higginſon has brovehe 
| moſt of the whim part of the trade into reaſon, 
upon this uſeful part of the machine. There is 
no exception to his form, but that they ſhould be 
without nobs, as is demonſtrated in this work. 
Note, I mean thoſe made by the gentleman in 
town; as thoſe made in the cauntry are by no 
means ſa mechanical. 

There is great difference of opinion about the 


wel en of bolt-heads, as well as what curva- 
B Bb 4 ture 
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336 or ru SECTOR, any 
ture ſhould be in the noſe of the ſame. This is 


eaſily demonſtrated from 218, and its note, that 
the inclination muſt be the ſame of the plates, 


and the curvature a little more than that formed 


from the ſize of the pillar-plate. 

It. is with reluctance I enter upon the extrava- 
ant expence, fooliſh notions, and prevailing 
ancies of many, upon the form and conſtruction 

of their reſpective choice of hands. I ſay, it is 
with reluctance, as ſeemingly to ſpeak againſt, or 
depreciate one of the greateſt and moſt: curious 


». 


workmen in the world, in this branch. But as 


hands are only to ſhew the time, what occaſion is 


there for pieces of uſe only, to go to the expence 


of ſixteen ſhillings or a guinea, when a neat pair 
for ſix-pence will do the ſame buſineſs, and better 


than the former? 


The mode of fancy goes much farther; ſucli 
as the ſhapes of joints; and whether they are 


to have ſcrews or pins, or both; or one ſcrew or 


two; each abuſing and calling thoſe of a diffe- 

rent opinion a fool, &c. juſt as they differ from 

the common run, or their particular fancy. 
This mode of fancy reigns ſo much triumphant 


above that of uſe, that moſt of our beſt deſigned 


work is become little better than ſhew ; and gen- 
tlemen find little difference in each piece, except 
the name of the makers. It is a matter of ſur- 
prize, in the preference that is given to ſhew work- 
men, more than to thoſe of accuracy in princi- 
ple ; and frequently more given to the former than 


the latter; but to me it appears otherwiſe, I ſhould 
eſteem a piece made by a Chantler, a Barrow, 


&c. &c. ſuperior to bufhels of thoſe by the infe - 
rior names, the numbers of which can hardly be | 


enumerated, if they were worth mentioning; as 


their only aim is, which of them ſhall do their 
ET. piecea 


CALLIPER DRAWING. 377 


pieces ſooneſt, cheapeſt, and in conſequence the 
worſt, 

And how the maſters can expect the work to 
be any more than an appearance, I know not, 
without they have loſt their reaſon; for 'the 
men muſt live, and in conſequence muſt do each 
Ber the worſe, as the times advance, let alone the 


owering of the prices. 
Though I have ſhewn the abſurdity of many 


fancies in watch-work, when put in inſtead of the 


neceſſary execution, yet, when it is deſired, it 
ſhould be in the power of each workman to ſhew 
that he can do it, for fear he ſhould be called, a 
no hand ; therefore every young man ſhould en- 
deavour to follow the prevailing choice, and when 
he comes to ſerve himſelf, he may lay ſuch foibles 
aſide, and work after reaſon only ; which, that he 
might, was the cauſe of this Treatiſe ſeeing light; 
and that he may is the ſincere deſire of the author 
who, for his readers farther improvement, bath 
added the following Appendix, in which are given 
tome of the chief methods of manual operations 


in the ſmall ſort of time-keepers, 


ä —_— * — 
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edel 
As a concluſion to this Work, it may be uſeful 
A to lay down ſome practical obſervations, as 
they occurred to me in the courſe of buſineſs J 


have taken, This part of the work may give 


diſpleaſure to ſome, eſpecially ſecret- mongers, 
whofe abilities reach little farther. than a knack in 


an art, they would be thought great proficients in. 


But let ſuch gentlemen be told, before they can ſet 
up their faces to prate, in competition with a Harri- 
fon, a Kendall, a Smith, or a Higginſon, &c. 
yy muſt begin with tcol-making at the. torge, 
and proceed through clock-making in all its 
branches, and then ſpend much time in the di- 
minutive branch, before they will be able to come 
near the laſt of thoſe great men; and moſt likely 
never will reach the former, becauſe of their the- 
ory as well as execution. RE. 
But in order for every artiſt in our branch to be 
compleat, he ought to make all his own tools, that 
he may be well acquainted with all forts of filing 


and turning. How frequent is it to ſee one, wha 


has been brought up in the watch-movement way 
only, and has been accuftomed to file up his pi- 
nions neatly in his fingers, that if a pinion of a lar- 
ger ſize ſhould come in his way to be executed, it 
muſt either be held in his fingers, or not be done 
at all to any purpoſe. And the reverſe, if a ſmall 
Piece was to be done by a clock-maker, then he 
muſt execute it in his way, or it muſt be undone 
and if ſo, not to purpoſe for ſuch work. 

1 muſt fay fo far for clock-makers, that they are 
in general better executors than watch-makers ; 


I mean as to filing and turning. All that watch- 
| 1 : makers 
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makers have to boaſt on, is their knacks in po- 
liſhing, &c. Except the Higginſon's, whoſe ex- 
ecution ſhews their original hands, in all parts 


that come under them; and when their work is 
inſpected by a common eye, gives room for ima- 


ination, that every part is performed by engines, 


mills, &c. &c. and in conſequence cauſe thoſe 
who attempt to come near their execution, to 
make tool upon tool, to do what their hands are 
unqualified to perform. 

As I have faid, every one deſigned for a good 
hand, ſhould do all ſorts of work that come in 
courſe of his branch; and for large work he 
ſhould ſtand, having his vice ſo high, that it may 
be equal with the elbow, in order that his file may 
{wing, as it were, in a parallel rule. Watch-ma- 
kers, for fear of having round ſhoulders, fit low; 
ſo that the elbow is much below the vice, and in 
conſequence they cut an awkward figure for good 
filing. 

Nackiog ſhould giye a maſter greater concern, 
that have boys to teach, than to take care of their 
getting cants or twiſts with their hands, which 
will ſtick by them, in ſpite of all their endea- 
vours, when grown up. To prevent them as 
much as poſſible, their vice ſhould be exactly per- 

ndicular, which may be done by a plain piece 
of braſs, &c. being put in the chops, and a 
plumb line hung to it, which will determine when 
it is right; and it would be neceſfary to examine 
the fame now and then, for fear of its altering i its 
poſition in working with it. 

The poſition of the body at the vice ſhould be, 
that the left hand may be parallel to the chops, 
and the right at right angles to them croſſways, 
then ir will be hardly poſſible = the RW to get 


| apy twiſt whatever, 
Ham- 
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Hammering is another great qualification, but 
rarely to be met with in watch-makers, eſpecially 
fince the vile cuſtom of getting braſs flatted in 
mills came into faſhion. . I ſay vile, for any piece 
of work made of ſuch braſs muſt be built upon a 
ſandy foundation; the mills draw it all one way, 
ſo that when it comes to be wrought, it is ſubject 
to warp, and that in proportion to the place and 
parts that are taken away. Hence comes the rea- 


| ſon that ſeveral fine deſigned movements, made 


upon the grand plan of a bar! have the pillar- 
plates twiſted into ſuch, forms, that it is impoſſible 
to get them flat, or even true in any degree. This 
I affert to be ſuperior to Mr. Rigby himſelf, who 
undoubtedly has done his endeavours with ſucceſs 
to amend our pieces. 
Whar is obſerved of flatted braſs, may likewiſe 
MN noticed on all ſorts of drawn ſteel, &c. though 
nor gu uite ſo pernicious. 
erefore every boy ought to be taught the art 
of hammering with great care; and to obtain 
which, he ſhould practice well on clock-dials ;: 
there he will be taught what nature inſiſts on, and 
oblige him to remember it; he will then be cer- 


tain of making a pair of watch plates as thin as 


Tompion's, &c. and yet ſtand well, which moſt 
of our moderns dare not attempt, but rob their 
— 15 in depth by thick plates. What frightens 

s in hammering watch-work, is the fear of hurt 
ing their thumb; but if they begin ſlow, and 


with a large piece, the art will ſoon be maſtered; 


and holding the braſs with part of the fleſh and 


nail, then the nail will form an inclined plain, a 


ſmall matter leſs than a right angle; ſo that if the 
hammer touches, it will ſlide down the Ny and 


be ſafe from bruiſing the thumb. 


* 
- 
. 
As 
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As to tools, the vice for watch-makers ſhould 
be ſtronger than they are commonly uſed, and 
all files ought to be like planes uſed by joiners, on 
the ſides, and as thick at one end as the other, 
and not bellied and tapered off in the form we 
now ſee them made; it is a falſe notion, to imagine 
that a bellied file will fle flat. 6 
Broaches and arbors ought to be fimilar ſo- 
lids, and the leaſt poſſible inclined to fruſtums of 
riſms and cones. There may be curious me- 
thods deviſed for to make them mathematically ſo; 
but if ſuch methods be put into the hands of a 
tearner, at firſt, it induces. him to lay by his 
A Ws 6 | 1 7: 
The virls on the arbors ought to be wood, or 
hollowed braſs,” &c. for the ſake of ſaving the 
work in a fall; for from the weight of the virl, 
a curious piece may be entirely deſtroyed. 
The broaches ſhould be of an odd number of 
ſides, and hardened, as laid down in that art far- 
ther on, and got ſtrait by a candle, or the rubbing 
on the hollow ſide with the teeth edge of an old 
rough hand-file, which is a curious ſecret kept 
trid by many. Note, You muſt uſe the file as if 
you were for filing the broach leſs; there is ſome 
difficulty in doing the ſquare ones, but the round 
ones come ſtrait immediately upon the operation. 
As to the temper of broaches, they are beſt 
when quite hard; but every one may Have them 
to his liking by the known rules of tempering. 
Leathes for turning, &c. cannot be too mecha- 
nically made; but the chief principle is firmneſs, 
and the general uſe deſigned for them. They 
ought not to be made too univerſal; for inſtance, 
if 1 was in common to turn a piece of work about 
two inches in the ſemi-diameter, I would not have 
the puppets above that heignt, no not ſo much 
e | „ 
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as one · thouſandth part of an inch more. Fhe 
puppets ought to reſt upon ſome ſolid body, and 
not upon a bar, as is common in our beſt leathes 
made for ſale. 5 
If I was to run through all the curioſities that 
might be put in a leathe, and other principle in- 
ſtruments for our buſineſs, I might write a whole 
treatiſe, and not pleaſe many when I had done. 

Therefore, to ſpeak generally upon general 
tools, I would adviſe them to be made upon few 
materials, and: ſimple principles, always adhering 
to the laws of mechanics; but it requires great 
judgment to diſcern the advantage of one mecha- 
nical plan, above any other that may offer to our 
ideas; or has been in uſe by others; to come at 
which, every one ought to reaſon as laid down in 

The tools made in Lancafhire are the beſt exe- 
cuted z and if the workmen would pleaſe to reaſon 
& little, and make them with alittle more judg- 
ment, we ſhould have no occaſion for any foreign 
production in our ſhops. Mr. Smith, when he 
followed that branch, was unequalled in it; his 
engines are the beſt in uſe, both for execution and 
judgment in the theory. | 


4 . # 4 


Particular tools are come at by any ones expe- 


rience in what he wants. It muſt be confeſſed, 
that ſome particular parts of execution are found 


out by ſome, and never are known by others; 


which is owing to the want of trial chiefly, and 
thoſe that make them; therefore are kept up, 
under the name of ſecrets, which chiefly belong 


f to watch- makers. 


The great ſecret of finiſhing engines, which 
was firſt invented here, and improved by the Lan- 


caſhire workmen, and in particular by Phithian 
and Garnet, from whom the ſecret was ſtole by 


Millar 
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Millat and others. Though it was come at by 


ſtratagems of madneſs, and ſpecious friendſhip, 


like all other ſtole goods, it carries its characte- 
riſtic mark of non- genuine; which is evident, 
from a compariſon of theirs with the i Inventors, or 
thoſe who came honeftly by their inventions, ei- 
ther by ſervice or purchaſe. Nay, it might be 
imagined from the compariſon, that we ſhall ſoon 
loſe he ſecret, if it be not delivered down from 
the inventors to preſerve it. 


1 know of none in town who cut after the ge- 


nuine method, fave Richardſon, who performs 
equally as well in ſteel as in braſs, and whoſe cut- 
ters are made after the real old method. I know 
of ſeveral ſecrets invented by the late real ingeni- 
ous Mr. Sanderſon, yet, though they may be va- 
luable for diſpatch, never can equal thoſe deſigned 
for accuracy. It is true, they have probability of 
being quite good, but won't be found fo upon 
trial. His method of cutting a cutter by a ſcrew, 
is neat and inventive, and by an addition of la- 
bour, may be made good ; but when the fame 
method is carried on for che poliſhing of the tops 


of the teeth, it is not certain, though it be uſed 


with the great ſecret blue ſtone. 

2 of ſteel is beſt performed by a flow 
motion; for, from the principles of mechanics, to 
t any quantity of matter from ſteel, we muſt 


ave much time, or its equal fpace. 


The form and conſtruction of a ſecdor 1 king ; 


treated on (in 208.) but its particular execution is 
ſtill wanting. The beſt form is that of a right an- 
gled triangle, &c. as there laid —_— and fy 


(210.) 


That the pieces BC and DE may be moved 


with the greater exactneſs, they ought tobe moved 


with ſere wa; and in IE if with thoſe, 
with 
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with fine threads they may be brought to the leaſt 
part of a diviſion poſſible. fa ſmall plate and dial 
was fixed for each ſcrew, with numbers at each equal 
part of the circumferences, like a watch- dial, then 
the hands upon the ends of the ſcrews would give 
the parts of each diviſion upon BC or DE, and 
in conſequence the leaſt addenda poſſible; and 
the original diviſions would be beſt put upon BC 
and DE, from the ſcrews. I have added this, 
that any workman may make a ſector for himſelf 
though, as being my own invention, I ſhall oblige 
thoſe who want, with one executed to my order. 
Great regard ought to be paid to the joint. It 
ts common to have them move on a ſmall pin; 
and the ſmaller the pin, ſo much better is the 
inſtrument reckoned to be. But this will be found 
a miſtake; for the ſmaller the pin, the greater the 
velocity of the legs about it; and in conſequence, 
if any inaccuracy has crept into the hole or pin, 
that is, if they be not perfect cylinders, then the 
legs will move by jerks, and it will be impoſſible 
to have them at their deſigned diviſions ; therefore 
the hole of the joint ought to be of a large dia- 
meter, in order to decreaſe the velocity ; and it 
may be as large, as that the friction may be over- 
come. Their form may be male and female, not 
unlike two ſhallow hat crowns or pewter plates, 
one moving in the other; the outer edge of the 
male, and the inner one of the female, ſhould be 
inclined planes, which, when put together with a 
little wax, will cauſe them to move ſweet and caly. 
What has been obſerved on the joints of ſec- 
tors, may be applied to the depthing tools made 
abroad, which have not all the mechanical prin- 
ciples in them, though ſo neatly executed. Like- 
wiſe dividers ought to have ſuch joints, eſpecially 
- thoſe that are uſed for drawing callipers. a 
Eq. crew 
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Screw plates may be made of various forms, to 


avoid their ſeveral exceptions. For large work, 
ſtocks and dyes are beſt; as by that means you 


cut the threads in time, which never could be done 
at once, or by compreſſion; but ſtill theſe have 


their exceptions in ſmall ſcrews; for as the ſcrew 
is come at by a continual diminiſhing of the dia- 
meter, till you come to your ſize, in conſequence 
it may be poſſible, that in often diminiſhing, your 
ſtocks, &c. won't always have their laſt diame- 
ter the ſame ; hence then, different ſcrews won't 
be of the ſame ſize. „ 

Notches are put into common plates for ſmall 
taps, but ſeldom with judgment; for of what uſe 
can two or three be, and the cutting ſides at right 
angles to the centre of the hole? We find the an- 
gle of a graver for to cut ſteel is at about 73 de- 
grees; alſo, that it muſt be often ſharpened to con- 


tinue any time; therefore our common notching 


muſt be of little uſe. I have made plates with 
four, five and ſix notches; the laſt of which are 
moſt durable ; but yet we have not the angle re- 
quired in them. After ſeveral improvements, I 
at laſt came to the following, as the beſt ſort; to 
make a ſmall ſcrew with a powerful thread, and 
yet not injure the body of the ſcrew by compreſ- 
ſion, &c. | 

Let your tap be a little taper, which you intend 
to make your ſcrew- plate with, and filed ſtill more 
ſo of a good four ſquare, that it may overcome the 
ſtuff by degrees. It is common to have the plates 
very thin; but they ſhould be quite the reverſe, or 
as thick as the length of the ſcrews you intend in 
general to make, or rather they ought to be hol- 
low cylinders of that length, and of a ſufficient 
ſabſtance or ſtrength to prevent their burſting ; 
then they mult be filed four ſquare, like the male 
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tap that made them, or into the 17 75 required for 
cutting ſteel. A ſet of tools of this ſort may 
very properly be called male and female taps, to 
make ſcrèws with. After the taps are made, the 
females may be fixed in flat pieces of ſteel, as the 
males are in common put in a haft. After your 
ſcrew is cut in the tap end, it may be made 
ſmoother in the other, which will be like a com- 
mon plate. 1 

I Have gone to ſome expence in this matter, for 
the uſe of the public; but for want of encou- 


; ragement have been obliged to deſiſt. 1 
3 | How to. come at original ſcrews, may be ga- ye 
| thered from the priziciples of n Groom uſ 
| 123, &c.) or they may be cut by hand, by Keeping 155 
4 the right hand always in the fame poſition, or 1 
parallel to the firſt letting off; and if it ſhould mY 
N happen to be too fine or coarſe at firſt, don't at- nel 
f tempt to mend It by twiſting the hand, but begin tha 
' anew; and if the angle which the hand makes tha 
| be meaſured at firit, then may be known the num- [ror 


= ber of threads in any given ſpace. As tlie threads 
. | increaſe in finenefs, ſo ought the file which you 
| cut them with; and if very fine, you muſt have 


no teeth at all upon your cutter, but a ſharp edge the! 
like à knife, which will cut a fine thread very well, im 
by your following the burr in the manner of cut- ys 
ting fine files. I have cut a ſcrew with two hun- _ 
dred 1 8 in an inch in this manner, without dc 
| any affiſtance but the hand, and an even filing 5 
| wood. ; . 5 . ron 
| Turkey, or oil-fſtones, are the moſt general ſort muc 
; for making an edge, if they were choſe well. It "ge 
| is a great fault in many workmen, chufing hard aan 
ones, that they may not wear ſo faſt I ſuppoſe; and 
l the ſhops have fallen ſo far into the choice of them, ry C 
that the ſoft ſort are not to be met with, even with 4 1 
| 5 5 ; | thoſe od 
l 


— 


thoſe who imagine they have all the beſt choice in 
the Kingdom. | 
It 1 

neſs, it may be made more equal by oil. Let a 
ſtone of this ſort be put into an iron pot, over a 
low fire, covered with oil; and let the veſſel be 
kept ſo hot, that the oil may be near boiling; 
and as the oil diminiſhes put in more, till you 


bnd it leave off decreaſing, which it will do in 


proportion to the hardneſs and ſize of the ſtone. 
found this by mere chance, which I tried in ſe- 


reral little experiments, and have found it of great 


uſe in a knotty ill- natured ſtone. 
But the beſt ſort are thoſe that are ſoft, and put 
in a jar of oil, till they have left off ſucking, or 


receiving the oil, which is according to their ſoft- 


neſs, &c. I have made a good ſtone from one 
that was accounted bad, and fold cheap upon 
that account, by letting it lie in oil. I found a 
ſtone of about five pounds weight to ſuck in one 
ounce per day, for ſix days together ; and in eve- 
y increaſe of oil I found a greater equality of 
hardneſs in it. As 1 did not try theſe matters far- 
ther than occaſion required, J cannot pretend to 
limit the times of uſing the oil in either caſe. 


The beſt ſteel for our uſe is caſt ſteel, as being 


the moſt univerſal for all our tools and work; but 
don't think that the beſt, which is called the 7 
much improved ſort; for it is carried too muc 

from the quality of iron; and being wrought ſo. 
much in mills, that it has too much of an hete- 
rogeneous quality in it, and in conſequence neither 
cn be wrought nor hardened properly. That 
hould be choſe of an equal ſmoak- coloured grain; 
for though it may have leſs of the ſaline and ſul- 
phureous particles in it, yet it has a more regular 


body,and is wrought eaſier than the ſtar- grain ſort, 


e 2 which 


ard ſtone be veiny, and of different hard- 
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which is little better than a ſort of hardened ſteef 
mixed together with ſome of the particles of ſoft 
Iron, | 
1 have had the opinion of feveral ingenious M 
men, and of experience too in this matter, 
who join with me in it, that our caſt fteel, at 
refent made, is not ſo good as at firſt, and fome 
think it the worſt fort uled. Mr. Monk, a gen- 
tleman who has added greatly to the improvement 
of dur buſineſs in many parts, has a ſort of ſteel 
that is ſuperior to any that ever was made, that! 
know of. It has a proper mixture of the iron and 
ſteel both, it works eaſy, or as well as iron, har- 
dens ftraight, and with little heat; and what is 
beſt for a watch-maker, that it takes the true 
Higginſonian poliſh with little labour. 

The ſoftening of ſteel is beſt performed by rol- 
ling it in lime, chalk, &c. made up like foft 
clay; or it may be put in clay itſelf, with a mix- 
ture of charcoal duſt, or bodies of that ſort; but 
they ſhould be uſed ſparingly, for fear of having 
the ſtee] turned into iron again, from whence it 
was made. 8 25 
When the ſteel is rolled wel} in the clay, the 
whole muſt be put into a wood-fire, till it be the 
colour of hardening, or a blogd red; after which 
it muſt cool with the fire — th be quite cold, then 
ig will be as ſoft as needful. 1 | 

Hardening is the reverſe of the other proceſs; 
for the ſteel muſt be put into a clear wood fire, 
and let to heat by degrees. If it was put in be- 

fore the fire be quite hot, and grow up with it, 
and then let to ſoak in it for ſome fmal] time, till 
it is all of a regular colour, and then with two 
or three gentle blaſts of the bellows, at a foot 
_ diſtance from the fire, to give it a ſmart heat, upon 
which quench it in clear water. This is the beſt 


and moſt univerſal method for all forts of ſmall 
| 1 bodies, 
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bodies, if they could be kept regular in the fire. 
As to quenching in oil, &c. they are mere miſ- 
taken notions, and only uſed by thoſe who don't 
well know how to heat their ſteel, which is a much 
greater ſecret than all their metaphyſical liquids 


put together. I have tried them all, and found 


them uſeful only in the hands of an irregular ex- 
ecutor. If the ſteel ſhould not be wanted over 
hard, the water may be boiled, and let to cool to 
any degree of heat below boiling, and you will 
have an hardneſs in the ſame proportion below 
real hard ; but boiling water will not harden at all, 
This will be very uſeful in hardening cutters or 
broaches, &c. that are required to be kept ſtrait, 


This care in heating and quenching is alſo the 


oreateſt ſecret in keeping your work ſtraight. The 
heating ſmall work with a blow-pipe 1s one of the 
worſt methods that can be uſed, becauſe of its 
irregular, or rather too powerful blaſts. 

Small tools, and particular files are beſt made by 
the workman, if he can make none elſe; the files 
for watch pinions are eaſily made; for the centre 
pinion with curved edges, equal to that of the body 
of the pinion, let the file, when of a proper 
thickneſs, be put between two pieces of thick 
ſteel, or a pair of ſtee] ſtocks; then file them 
all lengthways, with a round file of the ſame dia- 
meter of the body of the pinion, and then twiſt 
the file round, as it lies in its groove, with your 
fingers, by twiſting it with one hand and prefing 
with the other; by which motion very fine tꝭeth 
will be cut in the edge of your file. I have made 


the beſt hollow edge files that I ever Jaw by this 


method. 4 
They alſo might be cut with a ſcrew nearly in 


the ſame way; but as it is not ſo certain, ſhall 


ſay no more upon it. 


The beſt method of makin ſmall pinion files, 


is with teeth near the form of a carpenter's ſaw, 
| e | with 


preſerve ir ſo. For flats, the beſt is upon cork 
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with another thin file; and if one tooth be ſloped 
one way, the next the other, the edge will be 
hollow; the ſides of both ſhould have few or no 
teeth in them, as the edges are all that is wanted, 
All croſs files ought to have teeth on one ſide 
only; for the double teeth cauſe a blunt edge, and 
moreover cauſe the files to gap ſooner. 

This 1s the great ſecret of piercing files for 
watch-hands; for by their having teeth on one 
fide, the file may be made thinner, and will be 
ſtronger at the ſame time, and alſo may be re- 
newed by grinding on the blank fide. 

Turning in watch-work is far from its perfec- 
tion. Though I have the greateſt veneration for 
accuracy, yet J am not averſe to methods of diſ- 
patch in things that may be no worſe in uſe; as 
or inſtance, a pair of plates may do well without 
turning; then we have no occafion to loſe our 


time in being exquiſitely nice about them; there- 


fore methods may be adapted that are diſpatchive 
m ſuch caſes, ſuch as watches that are all of one 
fize might have cutters made for the plates, braſs 
edges, flides, barrels and wheels, by which thou- 
fands may be turned in the time of ſome few do- 
Zens. I have feen ſeveral engines for this matter, 
and if the ingenious inventors had greater encou- 


*' ragement, they might make them perfect, as 


well as the cap-makers have done theirs. 
I Know of no part in our branch I have ſpent 


more time on than the poliſhing part; and though 
in fact a uſeleſs one, it would ſeem a fault, if I 
did not ſay ſomething on ſo trifling a matter. As 


I faid before, this art is not to be come at but 
by a practical hand, and experience, and - an ob- 
ſervation of ſome of the following experiments ; 
firft, to preſerve your work flat, till you come to 
the laſt finiſh, always uſing fome body that will 


and 
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and circulars, upon one pevot againſt a flat; thus 
a piece of ſteel muſt be poliſhed upon a cork, 
with a piece of the ſame metal often filed flat, ro 
preſerve the poliſhed piece the ſame ; and it will 
be neceſſary to polifh till the finiſh, which muſt 
be done with a piece of ſmooth braſs, or copper, 
or poliſhing pencils, ſuch as are fold by Mr. 
Green, in | Guia ſtreet, which are a mixture 
of copper, tin. &c. and are very good. 

If your work 1s thin it may be apt to link into the 
cork ; but if the cork be cut with a ſharp knife, 
and hard ſqueezed between the chops of your 
vice, then it will hold your work up ; the cork 
ſhould be of the hard kind, with its coat on, and 
clear of pores; ſo that if your ſtuff ſhould touch, 
it won't be liable to greet. The methods for cir- 
cular pieces are done in the manner of facing pi- 
nions in a hole, or with flits in the poliſhers, that 
juſt fit the harbour or pevot of the piece, and of- 
ten filing the poliſher to preſerve the work flat, as 
is done in flat work. The ſame methods are uſed 
for braſs, both in the flat and circular ſorts; the 
method may be objected to for ſome tender pięces. 

but this every workman muſt provide for himſelf. 

As to ſtuffs that are uſed, great ſecrets are madę 
of it, and much noiſe about the fame; yet gvery 
one may furniſh himſelf with what he wants from 
the druggiſts for a ſhilling, by getting its value in 
cCholcothar vitriol of a deep purple-calour, or if 
it be only a deep red, and have lumps in it, it 
will do. FR | 85 

Take the lumps and break them, and thoſe that 
have a cloſe grain, like harden'd ſteel, and a pur- 
ple colour, are the beſt; thoſe of a very deep pur- 
ple are harder, and thoſe of a red are ſofter; ſo 
that you have three ſorts, and which you ſhould 


Fee in different boxes for different uſes, To know 
44 : whether 
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whether they be good in their kind, when the 
lumps are broke, put bits into the mouth, and if 
you find them diſſolve away in their ſeveral degrees, 
they are good; but if inſtead of that, hard parti- 
cles are found, and cranch in your teeth, then 
they are bad, and, in general, are not well burned; 
the hard ſort is of uſe for pinions through the 
leaves, with box or other wood after Tripoly. 
The ſecond ſort is for your ſpring temper'd 
0 and the laſt is for ſoft temper'd, or quite ſoft 

8 3 

It is a notion with many of no experience, that 
ſteel poliſhes better when hard; but l affirm, that 
a blue is hard enough for the fineſt poliſh poſ- 
ſible, and by its being harder, it does not come 
up fo ſquare at the edges. Mr. Higginſon has given 
us a proof of this matter, by poliſhing ſoft ſteel, 


or near ſoft, as well as hard. Before you give the 
laſt finiſh, your ſtuff muſt be levigated much, 


and wrought between two ſurfaces of hard ſteel 
with fine oil, and when it is worked dry, it may 
have a little more oil put to it to carry it lower 
down, &c. to what degree you pleaſe. 

If the ſofter ſtuff for ſoft ſteel be wrought dry 
three times, it will be low enough; but before 


| you uſe it, you muſt poliſh over your poliſher with 


a fine blue ſtone dry, and by this means, it will 
be like a burniſher; and when the ſtuff is put on, 
lay the work on a clean piece of cork that may 
touch your pencil, by which means it will both 
poliſh and burniſh at the ſame time; but no more 
muſt be put on than will juſt ſully the cork, that it 
may be done while it is clean. | 

If putty be well levigated, it will poliſh tem- 
pered ſteel, near as the middle ſtuff laid down 


above; though the work will have a white hue, | 


I have ſeen work poliſhed equal to Higginſon with 
putty. There is great objection to the working = 
5 the 
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the ſeveral ſorts of ſtuffs, for none are perfectly 
good; in conſequence, the imperfect parts are 
mixed with the pure, and are in proportion per- 
nicious, or do not give ſo good a poliſh ; there- 
fore it may be proper to take the lumps, and put 
them into oil till they diſſolve, and then the fineſt 
and moſt pure parts will join with the oil, and be- 
come a fine paſte above the droſſy particles, which 
ſhould be ſkimmed off, and put into a bottle for uſe; 
after which it will become ſofter, and may be uſed 
with great advantage; but it may be noted, that 
ſtuff, thus levigated, need not be ground. | 

As to the doing of braſs, there are near as many 
ways as there are workmen; but in this matter, 
H igginſon out-ſtripsthe whole, and beats the French 
themſelves, for he not only preſerves the braſs 
ſquare, but gives it a black gloſs. Their ſecret 
is ſaid to be a mixture of caſtile ſoap, rotten, or 
 blue-ſtone, and wrought with brandy: I have 
come near the matter in mixing it, but don't think 
the ſecret equal to common ones which are pub- 
lickly known. As to the ſecret of poliſhing bolt- 
ears, the only way is to cut them off, as ſeveral 
men of ſenſe have done before, and ſpend the loſt 
time in ſome part of the work that is uſeful. 

The foregoing are ſome of the moſt valuable 
obſervations that I have been able to make upon 
the executive part of the buſineſs; what occurred 
to me in the theory part, have been pointed out in 
the courſe of the work preceding this appendix. 


Senor tui. 


From hae has been delivered upon both the 
theory and practice of this buſineſs in this in- 
troduction, it may be concluded, that the buſi- 
neſs of clock and watch- work, is far from the 
deſired perfection required in it; and TY we 

ave 
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have ſome few pieces made after ſtrict theory and 
exquiſite execution, yet we have not come at the 
deſired perfection required in them, and, in con- 
ſequence, mult be at a diſtance from the real or 
beſt NN attainable, I am of a different 


opinion with Mr. Mudge, who, in his thoughts, 
&c. ſays, that the ſimple principles of all watches 
are the {ame and perfect; the errors found in 
them are therefore not errors ariſing from the prin- 
ciples, but from imperfections, inſeparable from 
all mechanic — Since our practical 
workmen have brought the executive part to ſo 
great perfection, watches now made, and well exe- 
cuted, ſhould give us a ſuperior performance; but, 
vpon trial, we find the ill and well executed ſort 
perform equally alike when upon the ſame princi- 
ple; therefore I ſuppoſe the principles not perfect. 
and, in conſequence, that they may be improved 
upon. I ſuppoſe, that the greater the quantity of 
motion is moved by a given quantity of force in a 
given time, the more perfe the principle of ſuch 
a time-keeper is; and it is plain, from the princi- 
ples of pendulums and circular bodies in motion, 
that the former is ſuperior · in quantity to the lat- 


ter, and conſequently, that the latter admits of 


great improvement. Mr. Harriſon's greateſt im- 
oyement is in this matter; but; I ſuppoſe, he 
himſelf will not ſay, that his won't admit of 
reater improvement; and therefore it may be 
concluded, that we have not all the perfection re- 
quired in the principles of time-keepers. 

So that we are to begin our future improve- 
ments where the great men before us have left 
off, which muſt chiefly be in coming at a perfect 
principle of motion, and ſhewing the ſame with- 
out affecting the principle; the former muſt be 
in pendulums, and the ſize of balances being made 


ſuperior to the efficient cauſes, and yet keep their 
| e motion. 
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motion. Various may be the modes of producing 
the latter, but I ſhall ſuppoſe the plan laid down 
in exam. 1. in (52) with the aſſiſtance of expan- 

ſion corrections, &c. to be the moſt likely me- 
thod yet attempted. 
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Page 20, laſt line, read Barker; 21, I. 18, 
over it, r. from place to place; 31, 1. 10, fineſt, 
r. firſt; p. 64, |. 15, f. 15 miles, r. 1 degree; 
lines 29 and 3o, f. Ze, r. 53 l. 31, f. half mile, 
T. 5, and in 32; for 302, r. 35. 

Alſo add this example; let the difference of 
time be 1 hour 15 min. and 6 ſeconds, what is 
the difference of longitude ? 1 hour is 15 degrees, 
or goo miles; 13 min. in time, is + of an hour, 
which is equal to 225 miles; 6 ſeconds is 2 of 4 
min. therefore its time is /- of 60 miles, or 12 
miles, ſo the whole difference of longitude will be 
112653 miles. After the ſame practical proceſs, 
may all other queſtions of the like nature be an- 
- ſwered; but perhaps they would be better under 
one general rule, which is to bring the time into 
min, which divide by 4, and multiply the quoti- 
ent by 60 for the anſwers. Thus the laſt over 
again, 1 hour is 60 min. to which add the 15, 
gives 75; this divided by 4, gives 184; which 
multiplied by 60, gives 1125; to which add the 
length for 6 ſeconds, gives 1126+ as before; the 
objection to the latter method is the knowledge of 
fractions, | 

Page 75, l. 1, put 27 before this, | 
Page 100, laſt line, put = between 12 and 
600; p. 101 to exam. add the following, which 
was omitted by miſtake, viz. _ | 
Bur to illuſtrate the matter more clearly, ſup- 
poſe that 10 inches weighed 1 oz. then a rod of 
100 inches would weigh 10 ounces; and if the 
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centre of motion or fulcrum be at one inch from 
one end, what is the weight of the other, from 
(129, &c.) it will be found, that the ſhort end of 
one inch long, will weigh equal to one of the 
other, then 80 inches will be the preponderating 
weight, its apparent weight will be 8 ounces; and 
if calculated as example (3,) the firſt term will be 
1, andthe laſt 8; their ſum is 1 +8 =g, which 
multiplied by 4, gives 36 ounces; but now it 
muſt be conſidered, that as each 10 inches weighs 
1 ounce, then each part of each ounce muſt be 
of a different weight. As the firſt inch weighs one 
ounce or 20 dwt. If its weight be found for 20 di- 
viſions, the weight of the firſt diviſion will be 
1+ Do, and the laſt will be 2; their ſum is 
3 + 2, half the number of terms is 10, which 


will give us this quantity go + 2. The next 10 
inches in like manner, will be found to be 


| 15 1 113 3 
2 + 88 +3=5+ — 1155 multiplied by 10, 
gives 302; and the third will be found 3 += + 
4 = 7 + = which multiplied by 10, gives 7 2, 
and ſo of each 10 inches to the end. Now we ſee 
that each ſpace increaſes by the ratio of 20, the 
diviſions of each. Therefore the laſt ſpace will 
be 1702, and the firſt is 302, their ſum is 2013 
half the terms is 4, ſo the whole weight from theſe 
diviſions is 804 dwt. or 40+ ounces. 

Again, as each ſpace of 10 inches 1s pne ounce, 
and each ounce contains 480 grains, conſequently 
each inch will contain 48 grains or 2 penny - weight. 
Now if the rod be calculated for inches, as before 
for 10 of the ſame, the weight will be found more 
than the laſt, and for grains more ſtill (ſee 160 
and 161.) | 45 | | 


The above is the moſt eaſy method of calcu- 
| = lating 
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lating of rods, though others might be laid down, 
but more confuſed than the above, and, in conſe. 
quence, not ſo fit for a learner. 

P. 1686, L 24, for à mnure, n hours and 
for or, r. of; l. 25, for thirtieth, r. ſixtieth; p. 
110, from 1. 19, r. 8: 1, which will correct the 
error in the queſtion; p. 111, 1. 15, for larger, r. 
longer; 1. 24, for 128, r. . 128; p. 112, exam. 14, 
r. 13; and l. 10 of fame: for: 3s T. 3:34 We 2605 
J. 24, for remantwaur, r. remonter; p. 251, |. 
21, for inverſe of, r. as; p. 271, |. 21, eraſe 3, 
or; p. 282, exam. 6, J. 3, for 88, r. 8; p. 294, 
in the firſt line of the note, for Dv, r. zv; p. 
303, for bodies F, r. body T; p. 306, I. 4, erals, 
or AT; p. 30, J. 4 from bottom, for Dd, r. D. d; 

p- 313, 1. 3 from the bottom, for oſdillatiom, r 
oſcillating; p. 326, add the following to the 
doctrine of pendulums. What is meant in 
(153, &c.) upon finding the maintaining force or 
weight of clocks, muſt be underitood of finding 
the neat force without any loſs from a miſ- con- 
ventence or application, to a given length and 
arc of vibration; which when determined to a 
ſhort arc, if that be choſe for the ſake of the li- 
mits, will be a ſufficient force; but if the arc be 
choſe long, to prevent the effects of the efficient 
cauſes coming into being, then the maintaining 
force muſt be increaſed in proportion to the arc 
required. 

This is what is accounted the laſt improvement 
in clocks, or of that of a long arc and heavy 
weight, which is to prevent the effects that may 
be wrought by thick oil, air, &c. &c. and is, in 
fact, to maintain motion by a multiple of 2, 2, 4, 
&c. times all the required parts; and from what 
is demonſtrated in (189, ) ſeems the only method 
to prevent the effects being produced. But, on 
the other hand, if the multiples increaſe the cauſes 
in 
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in proportlon to them, as is alledged in other parts 
of mechanics, then we are drove back to the ſhort 
arc and ſmall weight where we firſt began. I ima- 
gine any future enquiry int this diſpute muſt reſt 
upon the multiples increaſing the cauſes more in a 
long arc, than in a ſhort one; and whether the 


cCauſes be ſuperior to the quantity of motion which 
muſt be determined by experiments, and that eve- 


ry ſuceeeding reſearcher may find ſatisfaction in it, 
is my ſincere wiſh. Page 351, add the following. 
See the whole in plate x17 at the end of the work; 
p- 365, laſt line but one, put 230 before fig. 

It may be expected to have examples, or plans 
laid down for repeaters, ſtrikers, &c. and allo the 
advantage of one poſition or form of ſprings, 
dittans, hammer- tales, & c. But as this matter in- 
tirely belongs to choice or fancy, or the determined 


poſitions and ſhapes from the given ſpaces, no 


rules can be given for the ſeveral advantages gain- 
able, ſave that each learner muſt apply his reaſon 
the ſame that is done in (102, &c.) and upon ſuch 
concluſions, he will find the following obſerva- 
tions to be true. In 30 hour-clocks, the rim for 
the hour · notches in the count - Wheel, ought to be 
within the teeth of the ſame ; that che teeth may 


correct the errors of workmanſhip, by which 


means the clocks ſo made would not be ſo apt to 


miſs in ſtriking, either perpetually on, or only one 


at a time. This is from the principles of the cir- 
cle, and conſequently the larger the wheel, and 
the nearer the centre the count rim is, the greater 
advantages is obtained; but on the reverſe, the 
poſition of the detant, and the ſize of the count- 
wheel muſt be determined ſuch; that the lifter be 
a tangent to the count part of the wheel, from 
(10), ) or otherwiſe the lifter will fall in with 
an oblique motion, and ö will create 


a 9 evil. 
There 
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There is great art, or rather ſcience, in raiſing 


hammers for clocks; thoſe for houſes, ought al- 


ways to be perpendicular with ſlender ſharks, for 
the ſake of light and ſmart ſtrokes, that they may 
produce a neat ſound. Hammers for church clocks, 
or thoſe for public uſe, ſhould be heavy, with their 
thanks horizontal, that their deſcent may add power 


to their weight. But on the reverſe, if the mov- 


ing, or pin-wheel, be not near the power, or have 


a ſmall number of pins, then the hammer becomes 


a great burthen upon' the clock, and the whole 
machine 1s no more than a multiple of a bad con- 
trived ſmall piece; the polition of the pin-wheet 
for ſuch clocks is beſt horizontal, with the tail of 
the hammer perpendicular. 

The length and poſition of common hammer- 
tails is very immaterial ; fince what is gained in 


length for the eaſe of the movement, is loſt in the 


3 Again, ſome imagine power is gained by 
e pin wheel being little, but then the ſpace of 
the motion of the hammer is in the ſame propor- 
tion; and therefore the ſum total of the momenta, 
conſidered from the ſize of the pin-· wheel, length 
of the hammer- tail, and the poſition of the ham- 
mer, is the ſame in all caſes; and all that can be 
ſaid for particular conſtructions is, that they gain 
particular advantages with their oppoſite diſad van- 
tages, which often cauſe a choice of the former 
for want of perceiving the latter; therefore are 
boaſted upon as matters of great improvement. 
The lifters, to looſe the work, ſhould be long, 
and the wheels ſmall, as power is gained from 
each conſtruction without any oppoſite diſadvan- 
tage; the ſame that has been obſerved of divid- 
ing trains. All ſtop- pieces ſhould be at right angles 
to the radii of the pieces they ſtop, ſuch as that of 
the hoop- wheel, or ſtops to fuſees in watches, &c. 
The ſprings to clock-hammers ſhould act near 
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the centres of their axes, and in right lines with 
their ſhanks, to prevent a tremulous motion, or 
double ftroke in hitting the bell. All ſprings that 
move bodies in curves, or parts of circles, ſhould 
have bows in their centres of motion, in propor- 
tion to the curves they move; the bodies in ſuch 
as has been noticed before in rack- ſprings. The 
greateſt objection that can be raiſed to Mr. Tom- 
ion's old method of repeating work, is in the 
ſprings that move his quarter pieces; for if they 
acted circular or quite round, then the force put 
in them would do its buſineſs without being fu. 
perior to the power of the .running train at one 
time, and inferior to its office at another; or to 
throw the quarter pieces into their acting poſitions, 
the want of which advantage cauſeth ſome of his 
watches to repeat. the hour to come, inſtead of th 
one ſhewn by the hands. 1 
The main-ſprings. of watches ſhould be a little 
tapering, and ſtout at the out end, which may be 
a help to prevent them rubbing ; and pendulum- 
ſprings ſhould be the ſame, that the long and ſhort 
vibrations may be iſochronous, or performed in 
the ſame time. | | | 
But how much taper will perform and aſſiſt the 
aforeſaid deſiderata, is not to be laid down at once, 
ſince it muſt be come at by numberleſs experiments; 
and very likely may be found difficult, ſince it 
muſt be in proportion to the ſize of the barrel and 
balance, and the number of turns in each. 
Ihe beſt method to obtain the powers at the 
bottom and top of each, . is to apply weights upon 
each end, and then the powers will be in propor- 
tion to the ſpaces the ſprings are bent thro', which 
ſhould be noted down in a table with their reſpective 
effects; by which means we might come at a ge- 
peral law for each ſort, and that to their reſpective 
zes. LS 
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